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PREFACE 

This  report  is  part  of  a  series  of  community  profiles  produced  by  the 
Fish  and  Wildlife  Service  to  provide  up-to-date  information  on  coastal 
ecological  communities  of  the  tidal  freshwater  marsh  community  along  the 
Atlantic  coast  from  southern  New  England  to  northern  Florida. 

Tidal  freshwater  marshes  occupy  the  uppermost  portion  of  the  estuary 
between  the  oligohaline  or  low  salinity  zone  and  nontidal  freshwater  wetlands. 
By  combining  the  physical  process  of  tidal  flushing  with  the  biota  of  the 
freshwater  marsh,  a  dynamic,  diverse,  and  distinct  estuarine  community  has 
been  created.  The  profile  covers  all  structural  and  functional  aspects  of  the 
community:  its  geology,  hydrology,  biotic  components,  and  energy,  nutrient 
and  biomass  cycling. 

A  major  purpose  of  the  community  profile  series  is  to  gather  and 
synthesize  the  diverse  bits  of  ecological  information  existing  on  each 
community  and,  further,  to  condense  this  information  into  a  coherent  and 
practical  habitat  guide.  The  following  discussion  has  been  a  true  synthetic 
effort  on  the  part  of  the  authors.  Their  careful  compilation  and  analysis  of 
available  data  represent  an  extensive  compendium  of  knowledge  of  this 
important  natural    resource  and  wildlife  habitat. 

Questions  or  comments  concerning  this  publication  or  others  in  the 
profile  series   should  be  directed  to: 

Information  Transfer  Specialist 
National    Coastal    Ecosystems  Team 
U.S.   Fish  and  Wildlife  Service 
NASA-SI  idel  1   Computer  Complex 
1010  Gause  Boulevard 
SI  idel  1,   LA     70458 


in 


CONTENTS 


Page 


PREFACE   

FIGURES   

TABLES   

ACKNOWLEDGMENTS   

CONVERSION   FACTOR  TABLE   

CHAPTER  1.        INTRODUCTION   

1.1  Definition  and  Location  

1.2  Geographical   Distribution  

1.3  Visual   Appearance  

1.4  Horizontal,  Temporal,  and  Regional   Variations 

1.5  Geological   History  

1.6  Marsh  Developmental   Stage   

1.7  Substrates   

1.8  Hydrology  and  Water  Quality   

CHAPTER  2.        COMMUNITY   COMPONENTS:     PLANTS   

2.1  Introduction  

2.2  General  Species/Habitat  Descriptions  

2.3  Community  Structure  

2.4  Factors  Controlling  Plant  Demography  

2.5  Seasonal  Succession  

2.6  Other  Aquatic  Vegetation  

CHAPTER  3.   ECOSYSTEM  PROCESSES  

3.1  Primary  Productivity  

3.2  Decomposition  and  Litter  Production  

3.3  Nutrient  Cycling  (Elements  other  than  Carbon) 

3.4  Carbon  Flux  

3.5  Energy  Flow  

CHAPTER  4.   COMMUNITY  COMPONENTS:   INVERTEBRATES  

4.1  Zooplankton  

4.2  Benthic  Invertebrates  

4.3  Marsh  Plant  Insect  Community  

CHAPTER  5.   COMMUNITY  COMPONENTS:   FISHES  

5.1  Introduction   

5.2  The  Fauna:     Affinities  and  Natural   History  of 
Important  Speci es   

5.3  Community  Structure   

.5.4  Function  of  Tidal    Freshwater  Marsh  for  Fishes 

5.5  Trophic  Associations    , 

5.6  Seasonality   

5.7  Biogeography   


m 

vi 

vii 

vi  i  i 

ix 

1 

1 
1 
5 
6 
7 
8 
9 
11 

13 

13 
13 
14 
27 
31 
32 

37 

37 
42 
44 
46 
47 

50 

50 
50 
53 

54 

54 

54 
59 
60 
63 
64 
65 


IV 


CHAPTER  6.   COMMUNITY  COMPONENTS:  AMPHIBIANS  AND  REPTILES 


6. 

1 

6 

2 

6. 

3 

6 

4 

CHAPTER 

7. 

7 

1 

7. 

2 

7. 

3 

7. 

4 

7. 

5 

7. 

6 

7 

7 

7. 

8 

7 

.9 

CHAPTER 

8. 

Species  Composition  , 

Latitudinal  Distribution  , 

Daily  and  Seasonal  Variability 
Ecological  Relationships  


COMMUNITY  COMPONENTS:  BIRDS 


Introduction  

Floating  and  Diving  Waterbirds   

Wading  Birds   

Rails  and  Shorebirds    

Birds  of  Prey   

Gulls,  Terns,  Kingfishes,  and  Crows  

Arboreal  Birds  

Ground  and  Shrub  Birds  

Energy  Flow  and  Avian  Community  Dynamics 


COMMUNITY  COMPONENTS:  MAMMALS 


8.1  Species  Occurrence  .... 

8.2  Roles  in  Marsh  Ecology 

8.3  Economic  Value  


CHAPTER  9.   VALUES,  ALTERATIONS,  AND  MANAGEMENT  PRACTICES 


9.1 
9.2 
9.3 
9.4 

9.5 

CHAPTER  10. 


Value  to  Man  

Connections  with  Adjacent  Ecosystems 

Alterations  by  Man  , 

Potential  for  Sewage  Assimilation  .. 
Best  Management  Practices  , 


COMPARISON  OF  TIDAL  FRESHWATER  MARSHES  AND 
SALT  MARSHES  , 


10.1 
10.2 
10.3 
10.4 

REFERENCES 

APPENDIX  A 
APPENDIX  B 
APPENDIX  C 

APPENDIX  D: 
APPENDIX  E: 


A  General  Comparison  

Physical  Comparisons  , 

Biological  Comparisons  

Comparison  with  Nontidal  Freshwater  Marshes 


PLANTS  OF  THE  TIDAL  FRESHWATER  MARSH  , 
FISH  OF  THE  TIDAL  FRESHWATER  MARSH  .., 
AMPHIBIANS  AND  REPTILES  OF  THE  TIDAL 

FRESHWATER  MARSH  , 

BIRDS  OF  THE  TIDAL  FRESHWATER  MARSH  ., 
MAMMALS  OF  THE  TIDAL  FRESHWATER  MARSH 


Page 

66 

66 
67 
67 
68 

71 

71 
72 
76 
77 
78 
78 
79 
79 
79 

81 

81 
81 
85 

86 

86 
88 
88 
89 
90 

91 

91 
91 
91 
95 

96 

114 
120 

142 

149 
174 


FIGURES 


Number  Page 

1  The  relationship  between  marsh  type  and  average 

annual  salinity  2 

2  Representative  areas  with  more  than  200  ha  (500 
acres)  of  tidal  freshwater  marsh  

3  Tidal  freshwater  marsh  on  the  Chickahominy  River  6 

4a    Tidal  freshwater  marsh  on  James  River  in  early 

spring  

4b  Tidal    freshwater  marsh  on  James  River  in  late  summer  .. 

5  Spatterdock  community  type   19 

6  Arrow-arum  pickerel  weed  community  type  20 

7  Wild  rice  community  type   20 

8  Cattail    community  type   21 

9  Giant  cutgrass  community  type   22 

10  Mixed  aquatic  community  type   23 

11  Big   cordgrass  community  type   24 

12  Bald  cypress/black  gum  community  type  24 

13  Profile  of  mid-Atlantic  tidal    freshwater  narsh  25 

14  Profile  of  northeastern  tidal    freshwater  marsh   26 

15  Winter  and  summer  scenes  of  the  same  marsh  on 

the  Potomac  River  31 

16  Common  submerged  aquatic  plants    33 

17  Decomposition  curves  for  high  and  low  marsh  plants   ....  42 

18  Changes   in   N  and  P  during  decomposition   44 

19  General   model    of  nutrient  cycling    (N  and  P)    45 

20  Hypothetical    pathways  of  energy  flow  48 

21  Grazing  by  the  amphipod,  Gammarus  fasciatus   48 

22  Seaward  change   in  microfauna   52 

23  Distributions  of  different  types  of  fishes  by 

salinity  zones    54 

24  Striped  bass   59 

25  Movement  of  estuarine-dependent  fish  larvae  63 

26  Comparison  of  seasonal    variation  in  fish  numbers 

in  three  river  systems   65 

27  Mixed  assemblages  of  geese  and  ducks  in  tidal 

freshwater  marshes   73 

28  Great  blue  heron  77 

29  White- tailed  deer  feeding  in  a  tidal  freshwater 

marsh  82 

30  Beaver  dam  on  tidal  freshwater  marsh  stream  84 

31  Abandoned  rice  fields  89 


vi 


TABLES 

Number  Page 

1  Acreages  of  tidal  freshwater  marshes  on  the  east  coast  ...  3 

2  Concentrations  of  chemicals  in  marsh  soils  and 

interstitial  water  10 

3  Water  qua!  ity  parameters  11 

4  Common  tidal  freshwater  marsh  plants  15 

5  Species  composition  of  marshes  along  the  Patuxent  River  ..  29 

6  Salinity  tolerances  of  submerged  aquatics  34 

7  Peak  standing  crop  and  annual  production  estimates  38 

8  Two  groups  of  plants  based  on  rates  of  decomposition  42 

9  Typical  tidal  freshwater  zooplankton  43 

10  Representative  benthic  macrofauna  from  tidal  freshwater  ..  52 

11  Characteristics  of  anadromous  and  semianadromous  fishes  ..  57 

12  Patterns  of  use  of  tidal  freshwater  habitat  by  fishes  ....  60 

13  Numerically  dominant  fishes  in  tidal  freshwaters  61 

14  Fishes  reported  to  spawn  in  tidal  freshwater  62 

15  Fishes  using  tidal  freshwaters  as  nursery  grounds  63 

16  Population  densities  and  biomass  of  turtles  and 

other  vertebrates  68 

17  Efficiency  of  secondary  production  69 

18  Distribution  of  waterfowl  in  various  regions  of 

Virginia  74 

19  Percentage  of  total  species  found  in  tidal  freshwater 

in  upper  Chesapeake  Bay  74 

20  Breadth  of  diet  of  waterfowl  in  tidal  freshwater  76 

21a    Resident  mammals  in  tidal  freshwater  marshes  81 

21b    Mammals  using  tidal  freshwater  marshes  on  feeding 

fo  rays  81 

22             Harvest  of  furbearers  by  marsh  type   85 

23a           Commercial    fish  harvest  from  the  tidal    Potomac  River  86 

23b  Commercial  fish  harvest  from  the  entire  Potomac  River  ....  86 
24             Hypothetical    comparison  of  tidal    freshwater  and  salt 

marshes   92 


VII 


ACKNOWLEDGMENTS 

This  publication  owes  its  existence  to  a  number  of  individuals  and 
organizations.  Significant  contributions  of  information,  unpublished  data, 
and  helpful  advice  came  from  J.B.  Birch,  Glen  Carawam,  Bob  Christian,  Domenic 
Ciccone,  Tom  Curtis,  Charlene  D'Avanzo-Van  Raalte,  Michael  Dunn,  Larry  Gerry, 
Bob  Harriss,  Dan  Holder,  Marjorie  Holland,  Erik  Kiviat,  Roy  Lewis  III,  Harold 
Olson,  Nick  Roark,  Steve  Ross,  Fairfax  Settle,  Catherine  Turner,  Nancy  Van 
Dyke,  Mike  Weinstein,   Tom  Wolaver,  and  Patricia  Young. 

We  particularly  appreciate  the  unselfish  help  of  Ed  Pendleton,  Wiley 
Kitchens,  and  the  staff  of  the  National  Coastal  Ecosystems  Team  of  the  U.S. 
Fish  and  Wildlife  Service.  The  draft  manuscript  was  reviewed  for  scientific 
content  by  Ralph  Andrews,  Breck  Bowden,  Glenn  Kinser,  James  Kirkwood,  John 
Organ,  Gene  Silberhorn,  Robert  Simpson,  Ralph  Tiner,  Dennis  Whigham,  and  Bob 
Zepp.  All  of  these  reviewers  provided  information  as  well  as  critical 
comments. 

We  would  like  to  especially  thank  David  Brime  of  the  Virginia  Game  and 
Fish  Commission.  Without  his  help  and  support  our  research  on  the  tidal 
freshwater  wetlands  of  the  Chickahominy  Wildlife  Management  area  would  not 
have  been  possible.  It  is  this  research  which  provided  the  basis  for  much  of 
this  book. 

Factual  errors  and  faulty  conclusions  are  the  sole  responsibility  of  the 
authors.  Carole  Mclvor  has  taken  primary  responsibility  for  Chapter  5;  Tom 
Smith  for  Chapters  6,  7,  and  8;  John  Hoover  for  Chapter  2  and  Section  3.1;  and 
Bill  Odum  for  the  remainder  of  the  book,  including  general  organization. 
Unless    otherwise   noted,    photographs   and    figures  were  produced  by  the  authors. 

Final  copy  of  this  manuscript  was  prepared  by  the  staff  of  the  National 
Coastal  Ecosystems  Team.  Barbara  Carney,  Daisy  Singleton,  and  Nonie  Wilson 
typed  the  profile.  Charlotte  Willett  edited  the  report,  and  Rae  Ann  Martin 
proofread  it.  Graham  Golden  drew  several  of  the  final  figures  and  designed 
the  cover.  Sue  Lauritzen  prepared  the  final  layout  of  the  camera-ready 
manuscript. 


VIII 


CONVERSION  FACTORS 


Metric  to  U.S.   Customary 


Mul  tiply 

By_ 

To  Obtain 

millimeters  (mm) 
centimeters   (cm) 
meters   (m) 
kilometers   (km) 

0.03937 
0.3937 
3.231 
0.6214 

inches 
inches 
feet 
miles 

square  meters   (m  )       2 
square  kilometers   (km   ) 
hectares   (ha) 

10.76 
0.3861 
2.471 

square  feet 
square  miles 
acres 

liters   (1)           3 
cubic  meters   (013) 
cubic  meters   (m  ) 

0.2642 
35.31 
0.0008110 

gallons 
cubic  feet 
acre- feet 

milligrams   (mg) 
grams   (g) 
kilograms  (kg) 
metric  tons   (mt) 
metric  tons   (mt) 
kilocalories  (kcal ) 

0.00003527 
0.03527 
2.205 
2205.0 
1.102 
3.968 

ounces 

ounces 

pounds 

pounds 

short  tons 

BTU 

Celsius  degrees 

1.8(C°)   +  32 
U.S.   Customary  to  Metric 

Fahrenheit  deg 

inches 
inches 
feet  (ft) 
fathoms 
miles   (mi) 
nautical   miles 


( nm  i ) 


square 
acres 


feet 


(ft2) 
.2, 


square  miles   (mi    ) 

gallons   (gal )   3 
cubic  feet  (ft  ) 
acre- feet 


25.40 
2.54 
0.3048 
1.829 
1.609 
1.852 

0.0929 
0.4047 
2.590 

3.785 
0.02831 
1233.0 


mill imeters 

centimeters 

meters 

meters 

kilometers 

kilometers 

square  meters 

hectares 

square  kilometers 

1  iters 

cubic  meters 
cubic  meters 


ounces   (oz) 
pounds  (lb) 
short  tons  (ton) 
BTU 

Fahrenheit  degrees 


28.35 
0.4536 
0.9072 
0.2520 

0.5556(F°  -   32) 


grams 
kilograms 
metric  tons 
kilocalories 

Celsius  degrees 


IX 


CHAPTER  1.    INTRODUCTION 


1.1     DEFINITION  AND  LOCATION 

Tidal  freshwater  wetlands  are  a  dis- 
tinctive type  of  ecosystem  located  up- 
stream from  tidal  saline  wetlands  (salt 
marshes)  and  downstream  from  nontidal 
freshwater  wetlands  (Figure  1).  They  are 
characterized  by  (1)  near  freshwater  con- 
ditions (average  annual  salinity  of 
0.5  ppt  or  below  except  during  periods  of 
extended  drought),  (2)  plant  and  animal 
communities  dominated  by  freshwater 
species,  and  (3)  a  daily,  lunar  tidal 
fluctuation. 

In  a  classification  system  based  on 
salinity,  these  wetlands  lie  between  the 
oligohaline  zone  and  nontidal  freshwater 
(Figure  1).  The  lack  of  dominance  by 
estuarine  marshgrasses  (Spartina)  differ- 
entiates tidal  freshwater  marshes  from 
oligohaline  and  higher  salinity  marshes. 
Oligohaline  estuarine  marshes  tend  to  be 
dominated  by  big  cordgrass  (S_. 
cynosuroides)  and  saltier  estuarine 
marshes  by  sal  tmeadow  hay  (S_.  patens)  and 
smooth  cordgrass  (S.  alterniflora) .  Ti dal 
freshwater  marshes,  on  the  other  hand,  are 
characterized  by  a  large  and  diverse  group 
of  broad-leafed  plants,  grasses,  rushes, 
shrubs,  and  herbaceous  plants  (see  Table 
4,  Appendix  A). 

This  wetland  type  has  been  variously 
classified  as  tidal  freshwater  (Odum  et 
al.  1978;  Lippson  et  al .  1979),  freshwater 
tidal  (Whigham  et  al .  1978),  transition 
marsh  combined  with  arrow-arum  and 
pickerel  weed  marsh  (Daiber  et  al .  1976), 
coastal  shallow  fresh  marsh  (Shaw  and 
Fredine  1956),  fresh  marsh  combined  with 
intermediate  marsh  (Chabreck  1972), 
estuarine  river  marsh  (Stewart  1962),  and 
palustrine  emergent  wetland  (Cowardin 
et  al.  1979).  All  of  these  terms  are 
basically    synonymous.      We    have    chosen    to 


use  tidal  freshwater  marsh  because  it  is 
convenient  and  widely  used. 

In  the  U.S.  Fish  and  Wildlife 
Service's  classification  system  of 
wetlands  (Cowardin  et  al .  1979),  tidal 
freshwater  marshes  are  classified  as 
either  of  the  following:  (1)  system: 
palustrine;  class:  emergent  wetland;  sub- 
classes:    persistent  and  nonpersistent,  or 

(2)  system:  riverine;  class:  emergent 
wetland;  subclass:  nonpersistent.  Water 
regime  modifiers  for  either  classification 
are:  permanently  flooded-tidal ,  regularly 
flooded,  or  seasonally  flooded-tidal.  The 
system  selected  depends  on  the  position  of 
the  marsh  with  respect  to  the  river  chan- 
nel. High  back  marshes  with  persistent 
vegetation  are  more  properly  termed  palus- 
trine; fringing  low  marshes  along  river 
edges  are  properly  classified  as  riverine. 

1.2     GEOGRAPHICAL   DISTRIBUTION 

The  most  extensive  development  of 
tidal  freshwater  marshes  in  North  America 
occurs  on  the  United  States  east  coast 
Detween  Georgia  and  southern  New  England. 
The  two  regions  with  the  greatest  area  of 
this  type  of  wetland  are  in  the  mid- 
Atlantic  States  and  South  Carolina  and 
Georgia  (Table  1). 

The  distribution  of  extensive  tracts 
of  tidal  freshwater  marshes  follows  an 
interesting  pattern  (Figure  2).  They 
appear  to  be  best  developed  in  locations 
which  have  (1)  a  major  influx  of  fresh- 
water, usually  a  river,  (2)  a  daily  tidal 
amplitude   of   at  least   0.5  m    (1.6  ft),  and 

(3)  a  geomorphological  structure  which 
constricts  and  magnifies  the  tidal  wave  in 
the  upstream  portion  of  the  estuary. 

In  southern  New  England,  where  large 
river  systems  are  relatively     scarce,     ex- 


AVERAGE  ANNUAL 
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—  o  — o  — o  — 
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—  T       (DURING 
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E 
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T 
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A 
R 
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<  30.0  ppt 


EUHALINE 
(MARINE) 

Figure    1.      The    relationship   between   marsh  type  and  average  annual    salinity     (values  are 
approximate  only).     Terminology   is  based  on  Cowardin  et  al .    (1979). 


tensive  tidal  freshwater  marshes  are  un- 
common. They  occur  along  the  Hudson  River, 
Connecticut  River,  and  a  few  smaller 
rivers  such  as  the  Mystic  and  the  North 
Rivers.  In  northern  New  England  and  much 
of  eastern  Canada,  geomorphological  condi- 
tions (steep,  rocky  coastlines)  are  not 
conducive  for  tidal  freshwater  marsh 
development  on  a  large  scale.  One  excep- 
tion is  the  St.  Lawrence  River  system 
which  has  a  tidal  freshwater  zone  with 
marsh     areas     as     large    as     400  ha     (1,000 


acres)  (Reed  1978). 

From  New  Jersey  south  to  Virginia  and 
throughout  the  Chesapeake  Bay  region,  tid- 
al freshwater  marshes  are  abundant  and 
often  extensive  in  size.  A  noteworthy  gap 
in  the  distribution  occurs  through  much  of 
North  Carolina  (Figure  2).  In  this  region 
most  estuaries  lie  behind  closely  spaced 
barrier  island  systems  (e.g.,  the  Outer 
Banks).  This  results  in  a  greatly  damp- 
ened tidal  amplitude  within  the  lower 
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MERRIMACK  RIVER 
NORTH  RIVER 


CONNECTICUT  RIVER 

HUDSON  RIVER 

MULLICA  AND  WADING  RIVERS 
DELAWARE  RIVER  (INCLUDING  SMALL 
RIVERS  ALONG  DELAWARE  BAY) 

MID  AND  UPPER  CHESAPEAKE  BAY 
(NANTICOKE.POCOMOKE,  CHOPTANK, 
CHESTER,  ELK,  BUSH,  GUNPOWDER, 
PATAPSCO,  PATUXENT,  AND  OTHER 
RIVERS) 
POTOMAC  RIVER 

RAPPAHANNOCK  RIVER 
YORK  RIVER  (MATTAPONI  AND  PAMUNKEY) 
JAMES  AND  CHICKAHOMINY  RIVERS 


CAPE  FEAR  RIVER 
WINYAH  BAY  SYSTEM  (SAMPIT,  BLACK, 
PEE  DEE,  AND  WACCAMAW  RIVERS) 
SANTEE  RIVER 
CHARLESTON  HARBOR  (COOPER, 
WANDO,  AND  ASHELY  RIVERS) 
SAINT  HELENA  SOUND  SYSTEM  (SOUTH 
EDISTO,  ASHEPOO,  MORGAN,  COMBAHEE, 
AND  COOSAW  RIVERS) 
NEW-WRIGHT  RIVERS 


SAVANNAH  RIVER 
OGEECHEE  RIVER 
ALTAMAHA  RIVER 
SATILLA  RIVER 


Figure   2. 
marsh. 


Representative   areas   with  more  than  200   ha  (500  acres)   of  tidal  freshwater 


reaches  of  coastal  rivers  such  as  the 
Neuse  and  Pamlico.  As  a  result,  almost 
all  North  Carolina  coastal  river  systems 
have  sections  which  are  both  tidal  and 
freshwater.  However,  the  tidal  range  is 
slight;  and  tides  are  irregular,  and 
greatly  affected  by  the  wind.  Therefore, 
in  North  Carolina  the  types  of  plant  com- 
munities typical  of  most  east  coast  tidal 
freshwater  sites  (see  Chapter  2)  are 
restricted  in  size  and  are  replaced  by 
tidal  swamps.  The  one  major  exception  in 
North  Carolina  is  the  Cape  Fear  River  sys- 
tem. It  empties  directly  into  the  Atlan- 
tic Ocean,  has  a  one-meter  tide,  and  has 
extensive  areas  of  typical  tidal  fresh- 
water marshes. 

South  Carolina  and  Georgia  contain 
numerous  and  often  extensive  tidal  fresh- 
water marshes.  Many  of  these  marshes  and 
associated  swamps  were  diked,  impounded, 
and  converted  to  ricefields  during  the 
13th  and  first  half  of  the  19th  centuries. 
Some  of  these  impoundments  remain  virtu- 
ally intact.  However,  in  others  the  dikes 
have  broken  and  the  impoundments  have 
reverted  to  tidal  marsh.  A  difficult 
management  decision  needs  to  be  made  as  to 
whether  the  intact  impoundments  should  be 
managed  for  waterfowl  or  should  be  allowed 
to  revert  to  tidal  marsh  (discussed  in 
Chapter  9). 

The  most  southern  major  river  system 
on  the  coast,  the  St.  Johns  River  in 
Florida,  has  tidal  influence  for  over  160 
kilometers  (99  mi)  inland  (L.  Gerry,  Jack- 
sonville Water  Control  District,  Palatka, 
Florida;  pers.  comm.).  Due  to  its  unusual 
morphology  (narrow  mouth,  broad  upper 
reaches),  the  tidal  amplitude  in  the  tidal 
freshwater  stretch  is  minor,  and  typical 
plant  communities  are  absent  or  restricted 
to  small  areas. 

Tidal  freshwater  environments  (in- 
cluding some  mangrove  areas)  exist  in 
south  Florida.  However,  they  are  gener- 
ally too  restricted  in  size  or  too  season- 
al in  occurrence  (e.g.,  the  Everglades 
estuary)  to  be  included  in  this  report. 

Similar  types  of  tidal  freshwater 
marshes  occur  on  other  coasts  of  the 
United  States.  For  example,  Louisiana  has 
extensive  stretches  of  tidal,  freshwater 
wetlands.  However,  these  wetlands  have  a 


tide  that  is  irregular,  of  low  amplitude, 
and  wind  driven.  This  makes  both  the  com- 
munity structure  and  ecosystem  processes 
appear  to  be  somewhat  different  (Chabreck 
1972;  Hopkinson  et  al .  1978).  Tidal 
freshwater  marshes  are  relatively  rare  on 
the  Pacific  coast.  They  do  occur  exten- 
sively, however,  in  Alaska  (McRoy  and 
Goering  1974),  in  California  in  associa- 
tion with  several  large  river  systems 
including  the  Sacramento  (Kelley  1966), 
and  between  Washington  and  Oregon  in  asso- 
ciation with  the  Columbia  River. 
(Clairain  et  al .  1978). 


1.3  VISUAL  APPEARANCE 

Tidal  freshwater  marshes  look  strik- 
ingly different  from  either  salt  marshes 
or  nontidal  freshwater  marshes.  Plant 
diversity  is  much  higher  than  that  found 
in  higher  salinity  estuarine  marshes.  The 
result  is  a  highly  heterogeneous  plant 
assemblage  (Figure  3)  quite  different  in 
appearance  from  the  almost  monospecific 
Spartina  marshes  found  nearer  the  mouth  of 
the  estuary.  Zonation  is  present  (dis- 
cussed in  Chapter  2)  but  is  not  as 
sharply  defined  as  in  salt  marshes.  The 
so-called  low  marsh  is  dominated  by  a  few 
broad-leaved,  fleshy  plants  such  as  spat- 
terdock  (Nuphar  luteum)  and  pickerelweed 
and  by  wild  rice  (Zizania  aquatica)  and 
giant  cutgrass  (Zizaniopsis  miliaceae). 
The  higher  sections  of  the  tidal  fresh- 
water marsh  contain  more  species  than  the 
low  marsh  and  may  be  dominated  by  a  varie- 
ty of  plants  including  cattail  (Typha 
spp.),  smartweeds  (Polygonums  spp.),  rose- 
mallow  (Hibiscus  moscheutos),  sweet  flag 
(Acorus  calamus)",  and  burmarigold  (Biden 
spp.) .  Certain  species  such  as  arrow-arum 
are  found  throughout  the  marsh. 

The  tidal  freshwater  marsh  has  plants 
in  flower  through  much  of  the  spring  and 
summer.  In  the  spring  wild  iris  (Iris 
spp.)  blooms  in  the  high  marsh.  In  early 
summer,  pickerelweed  sends  up  a  spike  of 
purple  flowers.  Rose-mallow,  jewelweed 
(Impatiens  capensis) ,  and  the  spectacular 
yellow  flowers  of  burmarigold  bloom  later 
in  the  summer. 

One  of  the  most  striking  features  of 
the  tidal  freshwater  marsh  is  the  oro- 
nounced  seasonal  sequence  of  vegetation 


Figure  3.  Tidal  freshwater  marsh  on  the  Chickahominy  River,  Virginia,  during  midsummer. 


(discussed  at  length  in  Chapter  2).  The 
low  marsh  undergoes  particularly  extreme 
changes.  There  is  a  period  of  virtually 
bare  mud  in  late  winter  and  early  spring. 
Then  there  is  a  period  of  domination  by 
broad-leaved  plants  (e.g.,  arrow-arum)  in 
the  late  spring,  and  finally  in  late  sum- 
mer there  is  a  period  dominated  by  grasses 
and  herbaceous  plants  (Figures  4a, b). 

Conspicuous  organisms  in  the  tidal 
freshwater  marsh  include  freshwater  snakes 
and  turtles,  adult  and  larval  insects, 
ducks  and  geese,  and  muskrats.  A  casual 
examination  of  the  fauna  of  the  tidal 
freshwater  marsh  reveals  few  bivalves, 
crustaceans,  or  polychaetes,  organisms 
which  dominate  the  higher  salinity  marshes 
in  the  lower  estuary. 


In  summary,  the  tidal  freshwater 
marsh  appears  superficially  different  from 
the  nearby  salt  marshes.  In  Chapter  10  we 
discuss  whether  these  apparent  differences 
actually  exist  and  whether  they  include 
aspects  of  community  structure  and  ecosys- 
tem processes. 


1.4  HORIZONTAL,  TEMPORAL, 
VARIATIONS 


AND  REGIONAL 


Tidal  freshwater  ecosystems  form  a 
complex  gradient  with  freshwater  on  one 
side  and  oligohaline  and  higher  salinity 
esturine  conditions  on  the  other  side. 
Concentrations  of  dissolved  oxygen,  par- 
ticulate and  dissolved  carbon,  dissolved 
heavy  metals,  nitrite,  nitrate,  ammonia, 
and  other  chemical  and  physical  water  and 
sediment  parameters  change  dramatically  as 
salinities  increase  from  0.1  to  1.0  ppt 
(Morris  et  al .  1978).  Fish,  plant,  and 
invertebrate  communities  change  signifi- 
cantly as  the  salinity  rises  above  1  pot. 
Rarely  are  conditions  homogeneous  over  a 
very  great  distance.  For  this  reason, 
general  statements  about  tidal  freshwater 
marshes  and  associated  bodies  of  water 
must  always  be  made  with  gradient  condi- 
tions in  mind. 

Tidal  freshwater  wetlands  vary  tem- 
porally as  well  as  spatially.  Daily,  sea- 
sonal, and  long-term  changes  may  occur  at 
a  given  site  in  response  to  tidal  or  wind 
influences  and  as  a  result  of  annual  or 


6 


Figure  4a.     Tidal        freshwater 
James  River  in  early  spring. 


marsh     on 


longer-term  variations  in  freshwater  run- 
off. A  marsh  that  experiences  higher 
salinities  during  periods  of  drought  may 
switch  to  tidal  freshwater  characteristics 
after  prolonged  rains.  A  slight  increase 
in  salinity  during  one  summer  may  change 
the  plant  composition  of  a  tidal  fresh- 
water marsh  for  several  years.  Tidal 
freshwater  marshes  lie  in  a  dynamic  tran- 
sition zone  between  freshwater  and  salt- 
water. 

Although  we  treat  the  tidal  fresh- 
water marsh  as  a  general  wetland  type  on 
the  Atlantic  coast,  there  are  clear  re- 
gional differences  in  flora,  fauna,  and 
physical  characteristics.  For  example, 
New  England  marshes  appear  to  have  more 
peat  than  mid-Atlantic  marshes.  The  musk- 
rat  is  a  plentiful  herbivore  in  mid- 
marshes  but  is  absent  in  the 
marshes  of  South  Carolina  and 
(discussed  in  Chapter  8).  The 
water  fiddler  crab  (Uca  minax) 
throughout  tidal  freshwater  in 
and  Georgia  (J.  Birch, 
Ecology,       University      of 


Figure  4b.     Tidal       freshwater 
James  River  in  late  summer. 


marsh  on 


Atlantic 
coastal 
Georgia 
brackish 
occurs 

South  Carolina 
Institute   of 

Georgia,  Athens;  pers.  comm.),  but  is 
usually  found  in  oligohaline  and  higher 
salinities  in  the  Chesapeake  region 
(Kerwin  1971,  and  our  personal  observa- 
tions). The  bowfin  and  the  pirate  perch 
are  plentiful  members  of  the  fish  communi- 
ties throughout  tidal  freshwaters  of  South 
Carolina  and  Georgia,  but  are  generally 
restricted  to  nontidal  freshwater  in  the 
Chesapeake   region   (see  Section  5.7). 


1.5  GEOLOGICAL  HISTORY 

It  is  difficult  to  generalize  about 
the  geological  history  of  tidal  freshwater 
environments  on  the  Atlantic  coast  because 
considerable  variability  exists  from  one 
region  to  the  next.  New  England  river 
systems  such  as  the  Connecticut  and  Hudson 
are  incised  into  highly  resistant  Paleozo- 
ic and  Lower  Mesozoic  bedrock.  (Frey  and 
Basan  1978).  Clay  minerals  are  in  rela- 
tively short  supply.  Further  south,  along 
the  coasts  of  South  Carolina  and  Georgia, 
coastal  river  systems  have  cut  into  bed- 
rock which  is  mainly  Upper  Mesozoic  and 
Cenozic.  Thick,  well -developed  saprolites 
(mineral  soils)  of  the  southern  Piedmont 
provide  abundant  clay  for  redistribution 
into  both  tidal  freshwater  and  estuarine 
marshes  along  the  coast. 


In  general  the  river  systems  of  the 
mid-Atlantic  and  south  Atlantic  Coastal 
Plains  tend  to  be  more  numerous,  more  ex- 
tensive, and  fed  by  greater  quantities  of 
runoff.  For  these  reasons,  the  tidal 
freshwater  marshes  in  Maryland,  Virginia, 
Georgia,  and  South  Carolina  are  much 
vaster  than  the  states  north  of  New 
Jersey. 

For  a  variety  of  reasons  (e.g., 
slower  decomposition  rates,  freezing  of 
marsh  surfaces  during  the  winter,  and 
differences  in  vegetation),  most  New 
England  coastal  marshes  tend  to  have  more 
peat  than  southern  coastal  marshes  (Frey 
and  Basan  1978).  Southern  marshes,  on  the 
other  hand,  have  sediments  with  a  higher 
clay  and  silt  content. 

In  spite  of  these  regional  differ- 
ences in  geology  and  sediments,  the  recent 
geological  history  of  east  coast  tidal 
freshwater  marshes  is  similar.  Virtually 
all  contemporary  marshes  are  yery  recent 
in  origin  (Holocene).  They  lie  in  river 
valleys  which  were  cut  during  Pleistocene 
periods  of  lowered  sea  level.  As  sea 
level  rose  during  the  post-Wisconsin  peri- 
od of  the  Holocene  (5,000  to  15,000  Before 
Present  [BP]),  both  tidal  freshwater  and 
estuarine  marshes  expanded  rapidly  as  the 
lower  stretches  of  drowned  river  systems 
were  inundated  (Ellison  and  Nichols  1976). 
There  is  excellent  evidence  (Froomer 
1980a,  1980b)  which  suggests  that  coastal 
marsh  expansion  has  continued  at  a  rela- 
tively rapid  rate  to  the  present.  In 
fact,  Froomer  (1980b)  concluded  that  the 
rate  of  coastal  marsh  building  in  the 
mid-Atlantic  region  has  been  accelerated 
over  the  past  three  centuries  due  to 
increased  soil  runoff  associated  with 
man's  activities.  He  reported  an  average 
vertical  growth  in  marsh  sediments  of  27.4 
cm/century  for  estuarine  and  tidal  fresh- 
water marshes  in  the  northern  portion  of 
Chesapeake  Bay.  Because  of  these  high 
rates  of  deposition,  many  tidal  freshwater 
marshes  have  started  and  have  grown  to 
considerable  extent  in  only  the  last  few 
centuries. 

The  recent  geological  history  of 
tidal  freshwater  marshes  can  be  demonstra- 
ted by  examining  a  vertical  profile  taken 
from  corings  through  a  contemporary  marsh. 
A   typical    sequence   through   a  mid-Atlantic 


marsh  could  show  (1)  a  hard  bottom  con- 
sisting of  a  Pleistocene  erosion  surface 
(bedrock)  cut  during  a  glacial  period  of 
lowered  sea  level;  (2)  varying  layers  of 
river,  estuarine,  and  marsh  sediments;  and 
(3)  a  cap  of  recent  tidal  freshwater  marsh 
sediments  varying  in  thickness  from  less 
than  1  m  (3  ft)  to  more  than  10  m  (30  ft). 
Of  course,  very  young  marshes  might  be 
underlain  by  layers  of  sand  or  clay  and 
have  only  a  thin  layer  of  marsh  sediments 
on  the  top. 

Even  though  contemporary  tidal  fresh- 
water marshes  are  generally  less  than 
15,000  years  of  age  and  most  are  much 
younger,  this  does  not  mean  that  this  type 
of  wetland  did  not  exist  in  earlier  geo- 
logical periods.  Certainly,  during  Pleis- 
tocene periods  of  reduced  sea  level,  all 
types  of  coastal  marshes  were  relatively 
reduced  in  extent.  There  is  ample  evi- 
dence from  coal  deposits,  however,  which 
shows  that  early  equivalents  of  our 
present-day  tidal  freshwater  marshes 
existed   hundreds  of  millions  of  years  ago. 


1.6     MARSH  DEVELOPMENTAL   STAGE 

In  the  same  way  that  all  wetlands 
pass  through  various  stages  of  develop- 
ment, tidal  freshwater  marshes  have  cer- 
tain geomorphological  and  ecological 
characteristics  which  tend  to  reflect 
their  geological  age.  Frey  and  Basan 
(1978)  have  classified  coastal  estuarine 
marshes  into  three  categories:  (1)  young 
marshes  which  are  largely  low  or  inter- 
tidal  marsh,  (2)  mature  marshes  which  are 
a  mixture  of  low  and  high  marsh,  and  (3) 
old  marshes   which   are   largely   high  marsh. 

We  feel  that  this  classification  sys- 
tem, while  somewhat  simplistic,  is  equally 
useful  in  studying  tidal  freshwater 
marshes.  Young  tidal  freshwater  marshes, 
of  a  few  hundred  years  of  age  or  less,  are 
typically  low-lying,  largely  intertidal, 
and  dominated  by  vegetation  of  the  low 
marsh  (spatterdock,  arrow-arum,  and  wild 
rice).  Old  marshes  are  generally  all  high 
marsh  (except  along  creek  banks  and  around 
depressions),  may  not  be  flooded  at  all  by 
neap  tides,  and  are  dominated  by  high 
marsh  vegetation  (e.g.,  cattails,  marsh 
mallow,     and     iris).       Mature    marshes     are 
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intermediate  in  appearance  and  have  a  mix- 
ture of  low  and  high  marsh  plants  and  geo- 
morphology. 

Of  course,  the  apparent  age  of  a 
specific  marsh  is  influenced  by  more  than 
its  time  of  existence.  Factors  such  as 
local  physiography,  latitude,  rates  of 
local  subsidence,  rates  of  local  sea  level 
change,  degree  of  wave  and  current  action, 
suspended  sediment  loadings,  vegetation 
type,  alterations  by  man  (e.g.,  conversion 
to  rice  fields  in  South  Carolina),  and 
local  rates  of  net  primary  production  all 
influence  the  stage  or  age  of  the  marsh. 
Taking  these  factors  into  consideration 
and  remembering  that  apparent  chronologi- 
cal age  may  be  misleading,  it  is  still 
convenient  to  use  the  concept  of  young, 
mature,  and  old  in  describing  the  visual 
state  of  a  specific  marsh. 


1.7  SUBSTRATES 

Sediments  underlying  most  tidal 
freshwater  marshes  are  typically  dark- 
colored  and  sticky  with  a  high  content  of 
silt  and  clay.  Usually,  the  marshes  are 
located  in  the  section  of  the  estuary  with 
the  highest  rates  of  sedimentation 
(Nichols  1972).  This  accreting  material, 
largely  clays  and  silts,  combines  with 
large  quantities  of  organic  detritus  to 
form  a  dark,  mucky  soil.  From  the  view- 
point of  the  U.S.  Fish  and  Wildlife 
Service  (Cowardin  et  al.  1979),  the  low 
marsh  can  generally  be  regarded  as  having 
a  mineral  soil  (less  than  50%  organic  mat- 
ter) and  the  high  marsh  a  mixture  of 
mineral  soils  and  organic  soils  (greater 
than  50%  organic  matter),  depending  on  the 
location  within  the  marsh. 

Peat  may  be  present  in  the  Typha- 
dominated  high  marsh  in  northern  New 
England  marshes  and  in  the  giant  cutgrass 
marshes  of  the  Southeast.  However,  it  is 
not  as  common  as  in  salt  marshes.  Because 
tidal  freshwater  marsh  sediments  have  a 
lower  biomass  of  plant  roots  and  peat 
(particularly  in  the  low  marsh),  they  are 
more  erodable  than  estuarine  marsh  sedi- 
ments (Garofalo  1980).  Areas  covered  with 
arrow-arum  and  spatterdock  appear  to  be 
particularly  vulnerable  to  winter  erosion. 
Because  of  their  erodible  banks,  tidal 
freshwater  creeks  tend  to  have  lower 


meander  amplitudes  (sinuosity)  than  salt 
marsh  creeks  (see  Chapter  10). 

Generally,  tidal  freshwater  marsh 
sediments  have  a  hiqh  organic  content 
which  may  vary  considerably  with  depth  and 
locations.  Whigham  and  Simpson  (1975) 
found  that  the  marsh  soils  along  the  tidal 
freshwater  portion  of  the  Delaware  River 
varied  from  14%  to  40%  organic  matter  on  a 
dry  weight  basis.  Organic  content  was 
lower  in  the  arrow-arum-dominated  low 
marsh  (14%  to  30%)  compared  to  the  sweet 
flag-cattail-dominated  high  marsh  (30%  to 
40%).  Volatile  solids  (a  parameter  relat- 
ed to  organic  content)  from  a  James  River 
marsh  ranged  from  10%  to  20%  (Lunz  1978). 
In  ether  Virginia  tidal  freshwater  marsh- 
es, we  have  found  a  range  in  soil  organic 
matter  from  20%  to  50%.  The  highest  val- 
ues were  found  in  the  high  marsh  (Hoover 
1983).  Bowden  (1982)  reported  that  the 
soils  of  the  North  River  marsh  in 
Massachusetts  had  from  50%  to  75%  organic 
matter;  this  difference  from  more  souther- 
ly marshes  may  reflect  either  a  dominance 
by  different  plant  species  or  a  slower 
annual  rate  of  decomposition. 

Water  content  tends  to  parallel  or- 
ganic content.  For  example,  the  James 
River  marsh  soils  typically  contain  50% 
water  (Lunz  1978).  On  the  other  hand, 
water  may  compose  as  much  as  88%  of  the 
fresh  weight  of  North  River  marsh  soils 
(Bowden  1982). 

The  combination  of  ample  organic  mat- 
ter and  iron  along  with  at  least  some  sul- 
fur produces  sediments  which  are  usually 
anaerobic  just  below  the  surface.  The 
degree  of  reducing  conditions  in  tidal 
freshwater  marsh  sediments  is  difficult  to 
determine.  Since  the  reaction  pairs  for 
the  oxidation-reduction  reactions  are  not 
as  obvious  as  the  sulfur  reduction  reac- 
tions in  salt  marshes,  classical  redox 
(Eh)  estimates  have  little  obvious  meaning 
for  tidal  freshwater  sediments.  The  scant 
evidence  which  is  available  from  our  own 
research  (presence  of  methanogens,  nega- 
tive Eh  readings)  has  led  us  to  conclude 
that  tidal  freshwater  marsh  sediments  are 
moderately  to  strongly  reducing. 

Typical  pH  values  for  tidal  fresh- 
water sediments  range  from  6.0  to  6.5 
(Schwartz  1976,  Lunz  et  al .  1978).  Wetzel 


and  Powers  (1978)  measured  the  cation  ex- 
change capacity  of  sediments  from  a  James 
River  marsh  and  found  values  ranging  from 
39.6  to  67.3  meg  x  100  g  dry  weight.  This 
is  a  relatively  high  value  compared  to 
coastal  plain  and  piedmont  soils,  but  typ- 
ical for  highly  organic,  high  clay  wetland 
sediments  (personal  observation).  These 
high  values  of  cation  exchange  capacity 
also  indicate  a  young,  slightly  weathered 
sediment  with  high  nutrient  availability. 

A  range  of  sediment  nutrient  concen- 
trations is  shown  in  Table  2.  It  should 
be  noted  that  these  limited  data  come  from 
polluted  sites.  It  is  possible  that  un- 
polluted sediments  might  have  lower  nutri- 
ent concentrations. 

As  in  other  wetland  sediments,  ammo- 
nium is  the  most  abundant  form  of  inorgan- 
ic nitrogen  (Table  2).  Nitrate  and  ni- 
trite usually  do  not  accumulate  in  anaero- 
bic soils.  This  is  because  nitrification 
proceeds  slowly  while  denitrif ication  pro- 
ceeds rapidly.  Bowden  (1982),  who  worked 
in  the  tidal  freshwater  marshes  of  the 
North  River,  Massachusetts,  found  that  the 
amount  of  ammonium  that  is  free  in  the 


interstitial  water  is  often  less  than  the 
amount  of  ammonium  adsorbed  loosely  onto 
sediment  particles.  Consequently,  the 
pool  of  available  ammonium  is  probably 
much  greater  than  the  pool  of  free  ammoni- 
um. Bowden  also  presents  evidence  that 
the  amount  of  ammonium  in  tidal  freshwater 
marsh  sediments  may  be  highest  in  midsum- 
mer and  lowest  in  late  spring,  coincident 
with  heavy  demands  for  nitrogen  from  new 
vegetation.  He  found  the  highest  concen- 
trations near  the  surface  (3.7  mg/1). 
Lower  concentrations  were  found  at  20-cm 
(8-inch)  depth  (0.9  mg/1),  and  an  increase 
(2.0  mg/1)  was  found  at  60-cm  (24-inch) 
depth. 


In  summary,  from  limited  information 
it  appears  that  the  sediments  of  tidal 
freshwater  marshes  typically  have  (1)  a 
high  organic  content,  (2)  a  pH  in  the  6.0 
to  6.5  range,  (3)  moderate  to  strong 
reducing  conditions,  (4)  a  high  cation 
exchange  capacity,  and  (5)  interstitial 
nutrient  concentrations  which  are  high  in 
ammonium  and  low  in  nitrate  and  nitrite. 
Sediment  and  water  nutrients  are  discussed 
further  in  Section  3.3. 


Table  2.   Concentrations  of  chemicals  in  the  soils  and  interstitial  water  of  three 
tidal  freshwater  marshes.     na  =  not  available,  ±  =  one  standard  deviation. 


Soil 


Location  and 
reference 


Total  N     Total  P 
(%  dry  wt.)  {%   dry  wt.) 


Interstitial  water 


NH1     NO  +  NO  Total  dissolved  P 

(g/D    (g/D      (g/D 


Herring  Creek  Marsh, 

James  River,  Va.  (Lunz   1.5±0.8    0.7±0.4 

et  al.  1978) 

North  River  Marsh, 

Mass.  (Bowden  1982)     1.6±1.9    0.1-0.3 

Hamilton  and  Woodbury 

Creek  marshes.  Delaware  0.5-1.0    0.04-0.2 

River  (Simpson  et  al . 

1981) 


1600±1200  100±50 


900-3700    0-170 


na 


na 


180±100 


na 


na 


Hamilton  marshes, 
Delaware  River 
(Whigham  et  al .  1980) 


1.03-1.64  0.12-0.35 


na 


na 


na 
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1.8  HYDROLOGY  AND  WATER  QUALITY 

The  hydrology  of  tidal  freshwater 
marshes  and  associated  streams  and  rivers 
is  poorly  studied.  Presumably,  this  envi- 
ronment is  more  strongly  influenced  by  the 
effects  of  inflowing  riverine  freshwater 
than  the  lower  part  of  the  estuary  which, 
in  most  cases,  is  strongly  influenced  by 
oceanic  tides.  We  have  observed  that 
changes  in  wind  direction  and  velocity 
appear  to  have  a  greater  effect  on  the 
daily  tides  at  tidal  freshwater  sites  than 
further  down  the  estuary. 

Certainly,  more  information  is  needed 
on  the  relative  effects  on  tidal  fresh- 
water environments  of  upstream  floods, 
droughts,  ocean-induced  tides,  and  wind. 
Perhaps  most  important  of  all,  we  need  to 
know  the  extent  to  which  the  tidal  fresh- 
water marsh  zone  is  able  to  absorb  and 
buffer  inputs  of  floodwater  from  upstream. 

Water  quality  data  from  a  variety  of 


tidal  freshwater  sites  are  shown  in  Table 
3.  Unfortunately,  all  but  one  of  these 
locations  are  highly  eutrophic.  The  one 
exception,  the  Ware  Creek  marshes  on  the 
York  River  in  Virginia,  is  a  relatively 
pristine  site,  but  has  salinities  slightly 
higher  (annual  average  =  7  ppt)  than  a 
typical  tidal  freshwater  marsh.  However, 
the  Ware  Creek  data  have  been  included 
since  the  vegetation  in  these  marshes  con- 
tains many  freshwater  species. 

Comparison  of  the  nitrogen  and  phos- 
phorous data  in  Table  3  with  the  criteria 
presented  by  Wetzel  (1975)  suggests  that 
these  tidal  freshwater  sites  range  from 
eutrophic  (Ware  Creek)  to  hyDereutroohic 
(the  remaining  sites).  Certainly,  there 
are  more  than  adequate  nutrient  levels  to 
support  high  phytoplankton  production. 
The  generally  high  chlorophyll  concentra- 
tions (Table  3)  give  further  proof  of  a 
eutrophic  environment.  Unpublished  data 
(T.  Wolover,  University  of  South  Carolina, 
Georgetown,  pers.  comm.)  confirm  that  even 


Table  3.  Water  quality  parameters  from  a  variety  of  tidal  freshwater  locations  arranged 
in  approximate  order  of  increasing  eutrophication.  DOC  =  total  dissolved  organic  carbon, 
POC  =  total  particulate  organic  carbon,  TKN  =  total  Kjehldahl  nitrogen.  TP  =  total  par- 
ticulate and  dissolved  phosphorous,  DO  =  dissolved  oxygen,  na  =  not  available.  Where 
two  values  are  given,  one  above  the  other,  the  upper  value  =  summer,  the  lower  value  (in 
parentheses)  =  winter. 


Location  and 
reference 

pH 

DO 
(mg/l) 

Chlor.   A 

(g/D 

Alka- 
linity 

(meq/1 ) 

DOC 
(mg/l) 

POC 

(mg/l) 

NH1 

(g/D 

NO  +N0 

(g/D3 

TKN 

(g/D 

P0 
(n/1) 

Total   p 
(q/D 

Ware  Creek  Marsh, 
York  River 
(Axelrad  et  al . 
1976) 

na 

na 

2.2-23.6 

na 

5-10 

1-5 

15-20 

20-30 

na 

na 

40-60 

Hamilton  and 
Woodbury  Creek 
marshes,  Delaware 

na 

4-6 
(10-12) 

na 

na 

na 

na 

40-80 

40-300 

na 

5-20 

5-50 

River  (Simpson 
et  al.   1981) 

Herring  Creek 
Marsh,  James 
River  (Adams  1978) 

7.3 
(8.0) 

6.9 
(12.3) 

13.9 
(0.9) 

na 
(0.39) 

3.8 
(9.1) 

na 
(1.5) 

470 
(460) 

500 

(1600) 

4200 
(3300) 

4n 
(30) 

160 
(180) 

Tinicum  Marsh, 
Delaware  River 
(Grant  and  Patrick 
1970) 

na 

0.6-11.2 

na 

0.8-2.0 

na 

na 

500-6000 

300-10nr 

na 

na 

na 

Potomac  River 
(Lippson  et  al . 
1979) 

na 

4-6 
(12-13) 

50+ 

na 

na 

na 

200-800 

350+ 

na 

na 

400-700 
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unpolluted  tidal  freshwater  sites  have 
high  levels  of  dissolved  nitrogen  and 
phosphorous  compounds  during  much  of  the 
year. 


Since  dissolved  nutrient  levels  are 
more  than  adequate  to  support  high  phyto- 
plankton  production,  the  factor  limiting 
production  is  probably  water  clarity.  In 
fact,  most  tidal  freshwater  regions  are 
considerably  more  turbid  than  nearby  up- 
stream freshwater  areas  (authors'  personal 
observations).  This  relatively  great  tur- 
bidity can  be  largely  attributed  to  high 
suspended  sediment  loads  and  high  phyto- 
plankton  standing  crops.  Adams  (1978) 
reported  suspended  solid  values  of 
25-27  mg/1  for  water  flushing  the  Herring 
Creek  Marsh  on  the  James  River.  Ellison 
and  Nichols  (1976)  give  a  range  of  5.7  to 
93.0  mg/1  for  suspended  sediment  in 
Virginia  tidal  freshwater  regions.  They 
also  reported  typical  Secchi  disc  readings 
of  0.2  to  1.2  m  (0.7  to  3.9  ft). 

Examination  of  Table  3  also  shows 


relatively  high  concentrations  of  dis- 
solved and  particulate  organic  carbon. 
The  combined  effects  of  high  suspended 
sediment  loads,  high  organic  content  sedi- 
ments, high  nutrient  levels,  and  high  phy- 
toplankton  production  can  cause  low  dis- 
solved oxygen  values  in  the  summer  (Table 
3).  Our  observations  suggest  that  it  is 
not  unusual  to  have  dissolved  oxygen  (00) 
values  below  2  ppm  in  pristine  stretches 
of  small  tidal  freshwater  creeks  during 
the  early  morning  hours  of  summer  months. 
Even  lower  concentrations  can  occur  in 
locations  in  which  pollutants  add  further 
biological  oxygen  demand  (BOD)  loadings 
(e.g.,  Tinicum  Marsh  near  Philadelphia, 
Grant  and  Patrick  1970).  This  suggests 
that  conditions  may  be  limiting  for  many 
fishes  in  tidal  freshwater  marshes  at 
times  during  the  summer. 

The  limited  data  summarized  above  in- 
dicate that  mid-Atlantic  tidal  freshwaters 
are  generally  (1)  eutrophic  or  hypereutro- 
phic,  (2)  contain  high  levels  of  suspended 
sediments,  and  (3)  may  have  depressed  oxy- 
gen concentrations  during  the  summer. 
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CHAPTER  2.    COMMUNITY  COMPONENTS:    PLANTS 


2.1  INTRODUCTION 

The  physical  characteristics  which 
distinguish  tidal  freshwater  wetlands  (see 
Section  1.1)  exert  considerable  influence 
on  plant  community  development.  Nearly 
all  of  these  wetlands  are  riverine.  The 
lack  of  stressful  salinity  levels  facili- 
tates utilization  of  this  habitat  by  many 
more  plant  species  than  are  found  in 
coastal  or  inland  brackish  marshes.  Such 
high  diversity  produces  a  complex  and 
seasonally  variable  mixture  of  life  forms. 
Unlike  nontidal  riparian  wetlands  where 
marsh  vegetation  is  confined  to  a  narrow 
band  paralleling  channels,  regular  inunda- 
tion in  tidal  freshwater  regions  serves  to 
laterally  extend  habitat  boundaries. 
Plant  communities  visibly  stratify  across 
this  broadened  niche  space,  although  dis- 
tinct zonation  is  not  readily  apparent. 

No  known  plant  species  appears  exclu- 
sively in  the  tidal  freshwater  habitat. 
Most  marshes  are  dominated  by  a  combina- 
tion of  annuals  and  perennials,  the  major- 
ity of  which  are  common  to  freshwater  wet- 
lands over  much  of  North  America  (Fassett 
1957,  Cowardin  et  al.  1979;  Silberhorn 
1982).  Latitudinal  differences  in  climate 
as  well  as  local  variation  in  physiography 
and  geology  produce  distinct  heterogeneity 
within  tidal  freshwater  marshes.  Marshes 
in  respective  regions  of  the  Atlantic 
coast  differ  markedly  in  plant  species 
composition,  relative  diversity,  and  com- 
munity structure  as  a  result  of  this  vari- 
ation. Although  tidal  freshwater  marshes 
share  much  in  common  with  other  wetlands 
as  a  whole,  only  a  limited  amount  of 
available  information  pertains  specifical- 
ly to  the  flora  and  ecology  of  this 
habitat. 

The  discussion  which  follows  will 
focus  upon  those  plant  species  which  most 


commonly  occur  in  tidal  freshwater  marsh- 
es. Emphasis  will  be  placed  on  descrip- 
tions of  community  structure  and  those 
physical  and  ecological  processes  influ- 
encing plant  demography  and  succession. 
Habitat  variability  on  a  regional  basis 
will  be  discussed,  although  in  most  in- 
stances the  tidal  marshes  of  the  mid- 
Atlantic  States  will  serve  as  a  general 
model.  Plant  species  are  addressed  by 
common  names  in  the  text;  scientific  names 
are  listed  in  Appendix  A. 


2.2  GENERAL  SPECIES/HABITAT  DESCRIPTIONS 

The  bulk  of  tidal  freshwater  marsh 
flora  consists  of  (1)  broad-leaved  emer- 
gent perennial  macrophytes  (spatterdock, 
arrow-arum,  pickerelweed,  arrowheads),  (2) 
herbaceous  annuals  (smartweeds,  tear- 
thumbs,  burmarigolds,  jewelweed,  giant 
ragweed,  water-hemp,  water-dock),  (3)  an- 
nual and  perennial  sedges,  rushes  and 
grasses  (bulrushes,  spike-rushes,  umbrel- 
la-sedges, rice  cutgrass,  wild  rice,  giant 
cutgrass),  (4)  grasslike  plants  or  shrub- 
form  herbs  (sweetflag,  cattail,  rose- 
mallow,  water  parsnip),  and  (5)  a  handful 
of  hydrophytic  shrubs  (button  bush,  wax- 
myrtle,  swamp  rose)  (Whigham  et  al .  1976; 
Tiner  1977;  McCormick  and  Somes  1982; 
Metzler  and  Rosza  1982;  Silberhorn  1982). 

Regional  variations  in  species  com- 
position and  diversity  persist,  but  have 
never  been  described  comparatively. 
Marshes  of  the  mid-Atlantic  and  Georgia 
Bight  regions  can  contain  as  many  as  50  to 
60  species  at  a  single  location,  and  are 
comprised  of  a  number  of  codominant  taxa 
(Odum  1978;  Sandifer  et  al .  1980).  Among 
the  more  conspicuous  species  occurring  in 
both  regions  are  arrow-arum,  pickerelweed, 
wild  rice,  and  cattails.  However,  there 
are  notable  differences  between  the  tidal 


13 


freshwater  marshes  of  these  respective 
regions.  Briefly,  vegetation  communities 
in  South  Carolina  and  Georgia  are  often 
either  a  nearly  monospecific  stand  of 
giant  cutgrass  or  a  mixed  community  domi- 
nated by  one  or  more  of  the  aforementioned 
species  plus  sawgrass,  all igatorweed, 
plumegrass,  giant  cordgrass  or  soft-stem 
bulrush.  In  Virginia,  Maryland,  and  Mew 
Jersey,  giant  cutgrass  becomes  less  preva- 
lent, and  plants  such  as  spatterdock, 
various  smartweeds  and  tearthumbs,  sweet- 
flag,  rice  cutgrass,  and  burmari golds 
become  more  prolific. 

The  vegetation  communities  in  New 
England  tidal  marshes  generally  harbor 
fewer  species  with  perennial  sedges  and 
grasses  becoming  more  conspicuous  constit- 
uents. Important  components  of  these 
northern  marshes  include  reed  bentgress, 
various  rushes  and  sedges,  arrowheads, 
cattails  and  spiked  loosestrife  (Kiviat 
1978a;  Bowden  1982;  Metzler  and  Rosza 
1982). 

Tidal  freshwater  swamps  prevail  along 
many  tidal  rivers  from  Virginia  south,  and 
are  often  closely  associated  with  tidal 
freshwater  marsh.  Occurring  primarily 
landward  of  the  marsh,  these  forested 
areas  are  dominated  by  trees  such  as  bald 
cypress,  red  maple,  black  gum,  and  tupelo 
gum  (Silberhorn  1982).  In  addition,  tidal 
swamps  typically  harbor  an  understory  of 
emergent  herbs  and  shrubs,  many  of  which 
occur  in  the  marsh.  Some  of  these  species 
include  arrow-arum,  jewel  weed,  royal  fern, 
lizard's  tail,  Asiatic  spiderwort,  wax- 
myrtle,  and  alder. 

In  areas  where  salinities  periodical- 
ly extend  into  oligohaline  ranges  (0.5  to 
5  parts  per  thousand  [ppt]),  species  such 
as  big  cordgrass,  common  threesquare, 
narrow-leaved  cattail,  various  smartweeds, 
arrow-arum,  wild  rice,  marsh  mallow,  and 
water-hemp  become  the  most  prevalent  com- 
munity components  (Phillip  and  Brown  1965; 
Sandifer  et  al .  1980;  Ferren  et  al .  1981; 
Silberhorn  1982). 

A  survey  of  the  literature  on  vascu- 
lar plant  populations  in  tidal  freshwater 
marshes  indicates  an  inherent  variability 
in  the  composition  and  spatial  distribu- 
tion of  plant  communities.  However,  sev- 
eral   dozen    species    occur    consistently    at 


many  locations  on  the  Atlantic  Coastal 
Plain.  A  listing  of  common  tidal  fresh- 
water wetland  species  plus  their  general 
characteristics  and  habitat  preferences 
are  given  in  Table  4.  A  more  extensive 
listing  of  common  and  rare  species  appears 
in  Appendix  A. 


2.3  COMMUNITY  STRUCTURE 

Species  Composition 

Plant  communities  can  be  classified 
by  a  number  of  characteristics  including 
growth  form  dominance,  species  dominance, 
and  species  composition.  Generally  these 
characteristics  define  arbitrary  bounda- 
ries between  community  types,  but  never- 
theless are  useful  in  describing  vegeta- 
tion patterns  (Whittaker  1975).  Although 
tidal  freshwater  marsh  flora  is  not  par- 
ticularly well-suited  to  such  a  classifi- 
cation scheme  due  to  its  unusually  high 
diversity,  many  attempts  have  been  made  to 
describe  marshes  in  this  manner  (McCormick 
1970;  McCormick  and  Ashhaugh  1972;  Whigham 
and  Simpson  1975;  Shima  et  al .  1976; 
Doumlele  and  Silberhorn  1978;  McCormick 
and  Somes  1982).  In  most  instances, 
species  dominance  has  been  used  as  a  pri- 
mary means  of  classification,  usually 
because  vegetation  units  represented  by 
nearly  pure  stands  of  a  species  are  easily 
mapped.  Our  synthesis  of  this  information 
has  resulted  in  the  classification  of 
eight  major  floristic  associations  occur- 
ring in  tidal  freshwater  wetlands  from 
Massachusetts  to  northern  Florida.  Each 
of  these  associations,  or  community  types, 
presumably  results  from  reponse  to  a 
specific  set  of  environmntal  conditions  or 
seasonal  changes  (see  Sections  2.4  and 
2.5)  and  can  be  described  as  follows: 

1)  Spatterdock  Community  type  -  Spatter- 
dock  can  be  found  in  distinctly  pure 
stands  (Figure  5),  especially  in  late 
spring,  in  areas  of  the  marsh  adjacent  to 
open  water.  Generally  these  areas  are 
below  the  level  of  mean  low  water;  there- 
fore, during  high  tide,  spatterdock  stands 
are  submerged  rather  deeply.  Each  period 
of  inundation  can  be  extensive.  Sprouting 
from  thick  underground  rhizomes,  this 
species  forms  dense  clonal  colonies  often 
covering  submerged  point  bars  on  tidal 
creek  meanders.   As  the  growing  season 
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Spatter-dock 


Figure  5.   Spatterdock  community  type, 


progresses,  some  plants  will  be  overtopoed 
by  other  species  commonly  inhabiting  the 
low  intertidal  zone  such  as  arrow-arum, 
pickerelweed,  and  wild  rice. 

2)    Arrow-arum/Pickerelweed    Community 
Type  -  Arrow-arum  is  an  extremely  cosmo- 
politan species  growing  throughout  the 
intertidal  zone  of  many  marshes.   This 
species  forms  its  purest  stands  in  the  low 
intertidal  portions  of  the  marsh  in  spring 
or  early  summer.   Pickerelweed,  a  common 
associate,  is  equally  as  likely  to  domi- 
nate or  codominate  this  lower  marsh  zone 
(Figure  6),  although  its  distribution  is 
usually  more  clumped  than  arrow-arum. 
Both  species  tolerate  long  periods  of  in- 
undation.  Other  species  associated  with 
this  community  type,  especially  in  more 
elevated  sections  of  the  marsh,  include 
burmarigolds  and  wild  rice,  and  less  fre- 
quently, arrowhead,  sweetflag,  and  smart- 
weeds. 

3)  Wild  Rice  Community  Type  -  Wild  rice  is 
conspicuous  and  widly  distributed  through- 
out the  Atlantic  Coastal  °lain.  This  an- 
nual grass  can  completely  dominate  a  given 
marsh,  oroducing  plants  which  attain 
heights  in  excess  of  4  m  (13  ft)  in  August 
and  Seotember  (Figure  7).  Wild  rice  is 
not  noticable  until  midsummer  when  it 
begins  to  overtop  a  discontinuous  canopy 
generally  composed  of  arrow-arum, 
pickerelweed,  spatterdock,  arrowhead, 
smartweed,  and  burmarigolds. 

4)  Cattail  Community  Type  -  Cattails  are 
among  the  most  ubiquitous  of  wetland 
plants  and  are  princioal  components  of 
many  tidal  freshwater  marshes.  The  cat- 
tail community  type  (Fiqure  3),  which 
includes  several  species  of  Typha  in  the 
mid-Atlantic  region,  is  mostly  confined  to 
the  upper  intertidal  zone  of  the  marsh. 
Cattails  are  usually  found  with  one  or 
more  common  associates---arrow-arum,  rose- 
mallow,  smartweeds,  jewel  weed,  and  arrow- 
head—-but  will  also  form  dense  monospe- 
cific stands.  Cattail  communities  are 
also  prevalent  in  disturbed  areas,  where 
they  often  are  associated  with  common 
reed. 

5)  Giant  Cutgrass  Community  Tyne  -  Giant 
cutgrass,  also  known  as  southern  wild 
rice,  is  an  aggressive  perennial  confined 
predominantly  to  wetlands  south  of  Virgin- 
and  Maryland.   This  species  dominated 
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Figure    6.      Arrow-arum/pickerelweed    commu- 
nity type. 
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Figure     7.        Wild      rice     community      tyDe. 
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Figure  8.  Cattail  community  type, 


many  of  the  tidal  freshwater  marshes  of 
this  region,  often  competing  with  other 
plants  to  their  exclusion.  When  not  in 
pure  stands,  this  grass  associates  with  a 
variety  of  other  emergent  macrophytes  in- 
cluding sawgrass,  cattails,  wild  rice,  al- 
ligator weed,  water  parsnip,  and  arrow- 
arum  (Figure  9) . 

6)  Mixed  Aquatic  Community  Type  -  The 
mixed  aquatic  community  consists  of  an 
extremely  variable  conglomeration  of 
freshwater  marsh  vegetation  (Figure  10). 
Generally  occurring  in  the  upper  inter- 
tidal  zone  of  the  marsh,  it  is  composed  of 
a  number  of  codominant  species  which  form 
an  intricate  mosaic  over  the  marsh  sur- 
face. Important  species  include  arrow- 
arum,  rose-mallow,  smartweeds,  water-hemp, 
burmarigolds,  sweetflag,  cattails,  rice 
cutgrass,  loosestrife,  arrowhead,  and  jew- 
el weed.  Certain  components  of  the  mixed 
aquatic  type  dominate  on  a  seasonal  basis. 

7)  Big  Cordgrass  Community  Type  -  Big 
cordyrass  is  often  seen  growing  in  nearly 
pure  stands  in  narrow  bands  along  tidal 
creeks  and  s)oughs,  or  on  levee  portions 
of  oligohaline  marshes  (Figure  11). 
Arrow-arum  and  pickerelweed  are  associated 
with  big  cordgrass  in  these  locales,  but 
when  stands  extend  further  up  onto  the 
marsh,  this  species  will  intermix  with 
cattails,  common  reed,  rice  cutgrass,  and 
wild  rice. 

3)  Bald  Cypress/Black  Gum  Community  TyDe  - 
The  bald  cypress/black  gum  tyoe  (Figure 
12)  generally  represents  an  ecotonal  v com- 
munity forming  the  boundary  between  the 
marsh  itself  and  wooded  swano  or  upland 
forest.  Situated  in  the  most  landward 
portions  of  the  tidal  freshwater  marsh  at 
approximately  the  level  of  ^ean  high 
water,  this  community  consists  of  a  mix- 
ture of  herbs,  shrubs,  and  trees.  Other 
overs tory  species  include  tupelo  gum,  red 
maple,  and  ash,  as  well  as  shruhs  such  as 
wax-myrtle  and  buttonbush.  Hnderstory 
species  include  typical  marsh  plants,  al- 
though their  diversity  and  density  is 
reduced  because  of  shading. 

Zonation 

The  presence  of  reoccurring  groups  of 
species  which  form  recognizable  patterns 
in  many  wetland  habitats  has  encouraged 
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Giant  Cutgrass 


the  description  of  plant  species  distribu- 
tions in  terms  of  zones.  Zonation  in 
tidal  freshwater  marshes  is  less  distinct 
than  in  many  other  aquatic  or  wetland 
environments.  This  is  partially  a  func- 
tion of  the  complexity  of  the  major  tidal 
freshwater  community  types.  A  number  of 
species  consistently  form  pure  or  mixed 
stands  which  do  not  necessarily  occur  in 
regular  patterns  from  marsh  to  marsh 
(Whigham  et  al .  1976,  Odum  1978).  In  some 
instances,  individual  species  or  groups  of 
species  have  little  or  no  organizational 
pattern,  appearing  to  be  distributed  in  a 
random  fashion  over  the  marsh  surface. 

The  existence  of  zonation  is  support- 
ed by  some  studies.  In  Virginia  tidal 
marshes  on  the  Chickahominy  River,  cat- 
tails and  rose-mallow  regularly  appear  in 
the  landward  half  to  one-third  of  the 
marsh  profile.  Precise  surveying  of  some 
of  these  areas  indicates  that  this  natural 
vegetation  boundary  coincides  with  a  20  to 
30  cm  (3  to  12  inch)  rise  in  the  marsh 
surface  (Hoover  1983).  Parker  and  Leek 
(1979)  described  two  major  zones  in  a  New 
Jersey  marsh  dominated  by  annuals.  The 
low  marsh  zone  contained  water  smartweed, 
clearweed,  and  water-hemp,  and  the  high 
marsh  zone  contained  tearthumb,  bur- 
marigold,  and  jewelweed.  Seedling  trans- 
plant studies  indicated  that  high  marsh 
species  could  not  tolerate  prolonged  peri- 
ods of  inundation  in  the  low  marsh  zone. 
Concurrently,  competitive  interactions 
seemingly  contributed  to  the  exclusion  of 
the  low  marsh  dominates  from  the  high 
marsh  zone. 

Whigham  (Chesapeake  Bay  Center  for 
Environmental  Studies,  Edgewater, 
Maryland,  pers.  comm. )  notes  that  a  vari- 
ety of  annual  species  tend  to  congregate 
in  the  upper  intertidal  reaches  of  mid- 
Atlantic  coast  marshes, 
that  the  ability  of  many 
to  produce  adventitious 
marsh  substrate  may  be  a 
ing  greater  species  packing 
plants  with  this  adaptation 


marigold)  can 
conditions  yet 
densely  shaded 
surface. 


He  postulates 
of  these  species 
roots  above  the 
mechanism  allow- 
As  such, 
(e.g.  ,  bur- 
avoid  anaerobic  substrate 
exploit  a  low,  humid,  and 
layer  just  above  the  marsh 


Figure  9.  Giant  cutgrass  community  type. 
Photograph  by  Charles  Hopkinson. 


In  a  freshwater  marsh  habitat  influ- 
enced by  artificial  water  level  fluctua- 
tions on  the  Connecticut  River,  van  Raalte 
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Figure   10.     Mixed   aquatic   community. 


(1982)  found  that  plants  grew  in  distinct 
zones.  Pickerelweed  dominated  the  low 
intertidal  zone  followed  by  ^iore  landward 
bands  of  arrowhead  and  rice  cutgrass. 
Transplant  experiments  indicated  that  ele- 
vation,     interspecific      competition,      and 


herbivory  all  contributed  to  this  obvious 
zonation  pattern.  Cahoon  (1982)  dis- 
covered that  the  biomass  allocation  pat- 
tern of  individual  rose-mallow  plants  was 
influenced  by  salinity,  water  depth,  and 
soil    temperature.      The   existence   of    vari- 
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Figure   11.      Big    cordgrass    community    type 
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able  physiognomies  in  this  species  might 
be  considered  analogous  to  the  height 
fonns  of  smooth  cordgrass  which  delineate 
zones  in  salt  marshes. 

Where  zonation,  as  an  organizational 
expression  of  species  distributions,  actu- 
ally exists  in  the  tidal  freshwater  marsh 
itat,  it  is  probably  controlled  by  a 
combination  of  physical  variables  and  eco- 
logical processes.  Preliminary  ?vidence 
jests  that  there  -\ay  be  a  certain  de- 
gree of  consistency  in  the  zonation  found 
in  tidal  freshwater  marshes.  However,  the 
extent  of  this  patterning  with  respect  to 
various  c  as  well  as  its 

regularity  jn  to  location,  is 

•  lown. 

The  'Aar<,'\   Profile 

txcept   for  the  most  obv 
types,     it    IS    aitficul*     to    place    a    given 


species  within  a  general  structural  frame- 
work for  tidal  freshwater  wetlands.  As  a 
first  approximation  to  community  structure 
within  this  habitat,  most  of  the  connonly 
occurring  vegetation  falls  into  one  of  the 
following  categories:  (1)  submerged  or 
floating-leaved  plants,  (?)  emerqent 
plants  with  basal  leaves  and/or  leafless 
stems,  (3)  emergent  or  damp  soil  herbs 
with  stems  bearing  alternate  or  opposite 
leaves,  (4)  grasslike  or  rushlike  plants, 
and  (5)  broad-leaved  shrubs  and  trees 
(Magee  1931).  Py  recognizing  the  aDDrox- 
lodal  distributions  of  common  plant 
species        or  -lmunity-type       indicator 

species  within  these  structural  subgroups, 
a  typical  marsh  profile  can  be  visualized 
and  described. 

The  marsh  profile  deDicted  in  Fiqure 
13  is  most  characteristic  of  mid-Atlantic 
tidal  marshes.  Beds  of  submerged,  rootpd 
aquatic    plants    (see    Section    2.6)    make   up 
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Figure   13.     Characteristic  profile  of  nid-Atlantic   tidal    freshwater  marsh, 
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an  invisible,  suspended  mat  of  vegetation 
at  the  foot  of  the  marsh  where  inundation 
is  constant.  Merging  with  this  subtidal 
layer  and  extending  variable  distances  up 
onto  the  muck  surface  of  the  marsh  are  a 
host  of  fleshy-leaved,  emergent  macro- 
phytes:  spatterdock,  arrow-arun,  pickerel- 
weed,  and  arrowhead.  These  species,  plus 
wild  rice,  big  cordgrass,  and  numerous 
sedges  and  rushes,  comprise  the  bulk  of 
low  marsh  vegetation.  The  transition  from 
low  to  high  marsh  is  generally  marked  by 
an  increase  in  species  number,  presumably 
due  to  reduced  periods  of  inundation.  The 
predominant  components  of  the  high  marsh 
zone  include  low  swards  of  tangled  grass 
(rice  cutgrass),  erect  or  sprawling  herba- 
ceous thickets  (burmarigold,  tearthumb, 
jewelweed,  smartweed),  tall  grasses  or 
grasslike  plants  (giant  cutgrass,  wild 
rice,  cattail,  sweetflag),  and  shrublike 
thickets  (rose-mallow,  swamp  rose,  loose- 
strife). The  most  landward  extent  of  the 
marsh  usually  coincides  with  the  mean  high 
water  mark  and  is  indicated  structurally 
by  a  dense  wall  of  shrubbery  (wax-myrtle) 
and  associated  overstory  (bald  cypress, 
black  gum,  red  maple)  and  understory  (jew- 
elweed,  Asiatic   spiderwort)   species. 


Variations  on  this  scheme  are  numer- 
ous, and  are  often  associated  with  the 
physiographic  characteristics  of  the  marsh 
profile.  One  physiographic  feature  con- 
sistently found  in  the  tidal  freshwater 
habitat  is  an  elevated  levee  forming  the 
crest  of  the  channel  bank.  This  feature 
creates  a  niche  for  facultative  hydro- 
phytes or  less  water-tolerant  species 
within  the  low  marsh  zone.  Plant  species 
commonly  taking  advantage  of  the  levee- 
niche  in  Virginia  are  water-hemp,  common 
threesquare,  squarestem  spike-rush,  rose- 
mallow,  giant  ragweed,  and  other  high 
marsh  herbs.  Similarly,  subsidence  areas 
within  the  high  marsh  zone  can  create  a 
niche  for  obligate  hydrophytes.  This 
phenomenon  can  usually  be  attributed  to 
geologic  maturation  of  riverine  and  estu- 
arine  wetlands  (see  Section  1.6). 

Metzler  and  Rosza  (1982)  describe  a 
marsh  profile  for  northeastern  Atlantic 
coast  tidal  freshwater  wetlands.  For  com- 
parison, it  is  presented  in  Figure  14. 
The  definition  and  extent  of  zones  is 
quite  similar  to  that  described  for  mid- 
Atlantic  marshes,  although  there  are 
significant  differences  in  species  compo- 
sition. 
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Figure  14.  Northeastern  marsh  profile.  Modified  from  Metzler  and  Rosza  (1982). 
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2.4  FACTORS  CONTROLLING  PLANT  DEMOGRAPHY 

The  distribution  of  plant  species 
populations  in  any  natural  situation  re- 
flects the  response  of  individual  species 
to  soecific  environmental  parameters.  In 
wetland  habitats  these  parameters  are 
especially  varied,  primarily  due  to  the 
influence  of  water  on  habitat  gradients. 
Biological ly-mediated  interactions  between 
plant  species  further  complicate  the  per- 
ception of  physical  gradients.  Much  of 
the  information  concerning  the  causes  for 
observed  spatial  distributions  of  vascular 
flora  in  these  marshes  is  anecdotal,  al- 
though enough  exists  to  warrant  a  general 
di  scussion. 

Inundation 


There  seems  to  be  a  general  consensus 
among  researchers  investigating  plant  de- 
mography in  the  tidal  freshwater  habitat 
that  the  frequency  and  duration  of  flood- 
ing is  the  primary  factor  governing  spe- 
cies distributions  (Kiviat  1978a;  Doumlele 
and  Silberhorn  1978;  Ferren  et  al.  1981; 
McCormick  and  Somes  1932).  Despite  the 
fact  that  the  vast  majority  of  plants 
occurring  in  these  marshes  must  experi- 
ence flooding  on  a  daily  basis,  species 
vary  greatly  in  their  ability  to  withstand 
inundation.  For  some  species,  extensive 
flooding  seems  to  be  a  physiological  re- 
quirement for  subsistence,  whereas  for 
others,  it  can  be  a  detriment  to  normal 
yrowth  and  development.  Sculthorpe  (1967) 
notes  that  njnerous  terrestrial  plants  are 
able  to  survive  long  periods  either  com- 
pletely or  partially  submerged.  It  is 
conceivable  that  facultative  hydrophytes 
have  evolved  in  order  to  avoid  competition 
or  to  exploit  open  niches  in  habitats  such 
as  these. 


stunted  progeny  in  deep-water  experimental 
plots  (Yamisaki  and  Tange  1981).  Many 
other  researchers  working  in  salt  marsh, 
mangrove  swamp,  and  freshwater  lake  envi- 
ronments have  concluded  that  inundation 
effectively  contributes  to  segregation  of 
plant  species  Dopulations  along  an  eleva- 
tional  gradient  (Mandossian  and  Mclntosch 
1950;  Adams  1963;  Sculthorpe  1967;  Kerwin 
and  Pedigo  1971;  Odum  1971).  As  yet,  this 
phenomenon  has  not  been  quantitatively 
determined  for  tidal  freshwater  marshes. 
However,  evidence  from  other  wetland  situ- 
ations suggests  that  tidal  freshwater 
plant  communities  segregate  alonq  inunda- 
tion gradients  as  well. 

Substrate 

The  soil  in  tidal  freshwater  marshes 
can  be  described  as  a  waterlogged  organic 
muck  with  varying  amounts  of  sand,  silt, 
and  clay  (see  Section  1.7).  Differences 
in  soil  stability,  soil  moisture  reten- 
tion, and  soil  nutrient  availability  are 
all  related  to  the  physical  characteris- 
tics of  a  given  substrate  and  may  influ- 
ence species  distributions  directly.  The 
spatial  heterogeneity  of  substrate  charac- 
teristics is  not  sufficient  to  explain 
distributions  or  species  performance 
(Whigham  and  Simpson  1975;  Wetzel  and 
Powers  1978).  Wetzel  and  Powers  (1978) 
concluded  that  substrate  characteristics 
affect  plant  demography  only  in  localized 
zones  within  the  marsh,  and  then,  these 
subtle  differences  are  largely  obscured  by 
major  environmental  gradients  acting  to 
produce  species  distributions  (e.g.,  ele- 
vation and  tidal  inundation).  In  our 
opinion,  this  is  an  area  which  needs 
considerably  more  research. 

Current  Flow 


In  the  progression  from  open  water 
channels  to  the  marsh-jpland  boundary,  the 
species  composition  of  vascular  flora 
changes  noticeably,  even  over  almost  im- 
perceptable  variation  in  marsh  surface 
elevations  (Hoover  1983).  It  is  known 
that  common  and  narrow-leaved  cattails 
will  segregate  along  a  gradient  of  water 
depth  in  nontidal  habitats,  the  latter 
species  found  in  deeper  water  (Grace  and 
Wetzel  1981).  Common  reed  and  wild  rice 
also  respond  to  varying  inundation,  each 
species      producing      fewer      and      somewhat 


Low-gradient  river  courses  of  the 
Atlantic  Coastal  Plain  tend  to  flow  rather 
sluggishly  except  during  extreme  storm  or 
flood  events.  Aside  from  channel  dis- 
charge, however,  the  daily  ebb  and  flood 
of  tidal  water  onto  and  off  the  marsh  sur- 
face can  produce  significant  current 
velocities.  Much  of  this  water  becomes 
channelized  into  dendri tical ly-shaped 
creeks  within  the  marsh.  These  creeks 
deliver  ground  water  from  high  marsh  to 
low  marsh  to  channel  long  after  the  tide 
has     ebbed     (Hoover     1983).       Concentrated 
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water  movement  may  (1)  impair  the  ability 
of  seeds,  seedlings,  or  adult  plants  to 
grow  and  develop  and  (2)  may  confine  the 
dispersion  of  particular  seeds  to  portions 
of  the  marsh  with  little  or  no  water  flow. 

Several  studies  provide  evidence  to 
support  these  ideas.  Whigham  et  al . 
(1979)  noted  that  arrow-arum  seedlings, 
which  develop  uniformly  throughout  most 
sections  of  the  marsh,  were  absent  from 
streambank  areas.  Higher  rates  of  water 
movement  along  the  streambank  apparently 
prevented  seeds  from  establishing  them- 
selves, since  seeds  collected  from  these 
same  areas  were  found  to  be  physiological- 
ly capable  of  germination.  In  contrast, 
pickerelweed  is  known  to  prefer  streambank 
locations,  taking  advantage  of  greater 
soil  surface  temperatures  on  the  exposed 
mud  as  well  as  reduced  competitive  pres- 
sures in  this  area  (Garbisch  and  Coleman 
1978). 

Sal  inity 

The  variability  and  complexity  of 
wetland  plant  communities  increases  with 
decreasing  salinity.  Anderson  et  al . 
(1968),  studying  a  25-mile  stretch  of  the 
Patuxent  River  estuary  in  Maryland,  illus- 
trated this  fact  by  quantifying  plant  spe- 
cies' diversity  at  sites  with  different 
salinity  regimes  (Table  5).  By  defini- 
tion, the  tidal  freshwater  habitat  should 
not  encounter  average  water  salinities 
greater  than  0.5  opt.  However,  this 
boundary  between  tidal  fresh  and  oligoha- 
line  waters  has  been  seen  to  migrate  con- 
siderable distances  over  the  course  of  a 
year  in  response  to  drought  and  flood 
periods.  Marshes  which  intermittently 
come  into  contact  with  elevated  water 
salinities  may  harbor  slightly  less 
diverse  plant  communities  dominated  by 
facultative  halophytes  (see  Section  2.2). 
Freshwater  species  which  appear  to  drop 
out  of  the  plant  communities  in  these 
areas  include  spatterdock,  sweetflag, 
blueflag,  various  sedges,  and  giant  cut- 
grass. 

Physiological  Capability/Anaerobic  Toxins 

Preliminary  evidence  suggests  that 
tidal  freshwater  marsh  soils  are  not  as 
reduced  as  some  salt  marsh  substrates,  at 
least  in  the  surface  horizon  (see  Section 


1.7).  Presumably,  the  extent  of  oxygen 
deficiency  is  not  homogeneous  over  the 
entire  marsh  profile,  being  less  intense 
in  those  areas  which  drain  regularly  with 
each  tidal  cycle.  Nevertheless,  soils  and 
associated  microbial  populations  shift 
their  predominant  metabolic  pathways  under 
anoxic  conditions,  affecting  both  inorgan- 
ic and  organic  soil  constituents  —  this 
can  have  important  consequences  for  wet- 
land plant  1 ife. 

The  bioavailability  of  most  nutrients 
and  toxins  responds  to  the  oxidation- 
reduction  conditions  of  wetland  soils 
(Gambrell  and  Patrick  1978).  Increased 
levels  of  soluble  iron  and  managanese  in 
some  reduced  soils  are  reported  to  be  tox- 
ic to  plants  (Armstrong  1975),  and  fur- 
thermore, may  facilitate  the  formation  of 
inorganic-oxide  layers  around  roots  which 
potentially  impedes  the  transport  of  nu- 
trients from  soil  to  plant  (Armstrong  and 
Boatman  1967;  Howeler  1973).  Extremely 
reduced  soils  with  appreciable  organic 
carbon  may  develop  toxic  sulfide  com- 
pounds. 

Many  wetland  plants  have  adapted  to 
these  extreme  conditions,  developing  means 
of  metabolizing  anaerobically  and  exclud- 
ing toxins  from  roots.  The  provision  of 
air-space  or  aerenchymatous  tissue  is  one 
mechanism  enabling  plants  to  transport 
atmospheric  gas  to  anoxic  rhizospheres. 
The  functioning  of  this  pressurized,  flow- 
through  system  has  been  documented  in 
detail  for  spatterdock  (Dacey  1980),  a 
species  which  typically  thirves  in  the 
most  waterlogged  portions  of  the  marsh. 
Other  emergent  macrophytes  which  possess 
aerenchymatous  tissue  include  arrow-arum, 
pickerelweed,  and  even  certain  grasses  and 
sedges.  Most  of  these  species  will  be 
found  in  the  lower  intertidal  zones  in 
tidal  freshwater  marshes. 

Competition 

From  an  ecological  point  of  view,  the 
diverse  flora  indigenous  to  tidal  fresh- 
water wetlands  would  seem  to  have  a  high 
potential  for  species-species  interac- 
tions. A  conspicuous  feature  of  many 
plant  communities  that  is  often  considered 
evidence  of  competitive  displacement  is 
the  segregation  of  species  along  a  habitat 
gradient.   Although  species  segregations 
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Table  5.  Species  composition  of  five  marshes  along  the  Patuxent  River  in  Mary- 
land.  The  marshes  have  been  designated  by  their  respective  salinity  regimes 
This  table  is  modified  from  Anderson  et  al .  (1968). 

Salinity  regimes 

Species  10-17  ppt   6-10  ppt   3-7  ppt   0.5  ppt   0.?  opt 

Aster  tenuifol ius        * 

Oistichl is  spicata       * 

* 


Finbristyl  is  castlanea 

Juncus  jerardi  * 

Ly  thrum  1  meare  * 

Atriplex  patul a  * 

Iva   frutescens  * 

Sci  rpus  robustus 

Spartina  patens 

Spartina  alterniflora 

Pluchea  camp ho rata 

Spartina  cynosuroides 

Teucrium  canadense  * 

Mel iotus  alba 

Baccharis   hal imifol ia  * 

Panicum  vi  rgatum 

Sarurus  cernuus 

Althaea  officinal  is 

Carex  crini  ta 

Elymus  v  i  rg  i  n  i  c  u  s 

f-iyrica  gale 

Rui:iex  crispus 

Typha  angustifol ia 

Eleocharis  palustris 

Cephal anthus  occidental  is 

Ana ran thus  cannabinus 

Ascl  epias   incarnata 

6oeh;iieria  cyl  indrica 

Cicuta  maculata 

Hibiscus  aoscheutos 

Pel tandra  v i  rg i n i  c a 

Phragmites  austral  is 

Rosa  palustris 

Sci  rpus  americanus 

Apios   americana 

Eu  pa  tori  u:n  serotinum 

Juncus  acummatus 

Rumex  verticil latus 

Vernonia  noveboracenci  s 

Cassia  fasciculata 

Comrnel  ina  communis 

Gal iun  tinctorium 

Lycopus  americanus 

Mentha  arvensis 

Sci  rpus  cyperinus 

Sci  rpus  val idus 

Cornus  amonum 

Echinochloa  wal teri 


Impatiens  capensis 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
* 
* 
* 
* 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

• 

• 

* 

* 

* 

* 

(continued) 
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Table  5.     Concluded. 


Species 


Salinity  regimes 

10-17  ppt       6-10  ppt       3-7  ppt       0.5  ppt       0.2  ppt 


Mikania  scanoens 
Pontederia  cordata 
Polygonum  arifol ium 
Polygonum  punctatum 
Polygonum  sagittatum 
Ptilimnium  capillaceum 
Alnus  serrulata 
Carex  lurida 
Carex  stipata 
Decodon  verticillatus 
Dul ichium  arundinaceum 
Eu pa tori  urn  perfol iatum 
Gratiola  virginiana 
Hypericum  dissimulatum 
Leersia  oryzoides 
Lobe! ia  caroinal is 
Ludwigia  palustris 
Nuphar  luteum 
Pi  lea  pumila 
Sagittaria  latifol  ia 
Sparganium  eu ry carpum 
Typha  latifol ia 
Zizania  aquatica 
Acer  rubrum 
Carex  alata 
Carex  al'oolutescens 
Carex  annectens 
Carex  comosa 
Carex  lupul  ina 
Gal ium  obtusum 
Geum  canadense 
Juncus  effusus 
Lactuca  canadensis 
Ly thrum  sal  icaria 
Myosotis  laxa 
Rorippa  palustris 
Sci  rpus  fluviatil is 
Acorus  calamus 
Aster  cal amus 
Bidens   frondosa 
Bidens  laevis 
Cyperus  striqosus 
Cyperus  refractus 
Irl  s  versicolor 
Ludwigia  al terniflora 
Lycopus  virqinicus 
Orontium  aquaticum 
Slum  suave 
Zizaniopsis  mil iacea 

Species  Totals 


*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 

*  * 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


14 


29 


45 


55 


52 
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of  so:ne  form  (e.g.,  major  community  types) 
are  apparent  in  most  tidal  freshwater 
habitats,  ascribing  such  a  phenomenon  to 
competition  per  se  is  difficult. 

The  mechanisms  involved  in  competi- 
tive plant  interactions  are  varied.  Only 
a  few  studies  have  experimentally  demon- 
strated the  importance  of  competitive  dis- 
placement in  maintaining  wetland  plant 
distributions.  Grace  and  Wetzel  (1981) 
showed  that  populations  of  common  and 
narrow-leaved  cattails  segregate  according 
to  water  depth,  the  former  comDetitively 
superior  in  shallow  water  due  to  its 
greater  leaf  surface  area.  However, 
narrow-leaved  cattail  has  the  potential  to 
grow  in  deeper  water  than  common  cattail, 
a  capacity  facilitated  by  phenotypic 
traits  such  as  taller,  narrower  leaves  and 
greater  rhizone  storage.  Cahoon  (1982) 
also  noted  phenotypic  responses  in  two 
tidal  freshwater  species  with  overlapping 
distributions.  Rose-mallow  was  found  to 
respond  to  the  presence  of  narrow-leaved 
cattail  by  increasing  its  leaf  size.  How- 
ever, the  consequence  of  such  a  strategy 
was  a  concomitant  reduction  in  reproduc- 
tive output.  Buttery  and  Lambert  (1965) 
found  that  manna-grass  dominated  a  par- 
ticular portion  of  a  habitat  gradient 
strictly  through  its  ability  to  opnortun- 
istically  outcompete  another  species,  the 
common  reed.  Without  further  studies,  it 
is  difficult  to  accurately  ascertain  the 
importance  of  competition  on  species  dis- 
tribution patterns.  The  evidence  avail- 
able thus  far,  however,  suggests  that  com- 
petitive pressures  act  in  conjunction  with 
physical  factors  to  produce  species 
niches. 

Al lelopathy 

Chemicals  derived  from  one  plant 
which  have  inhibitory  effects  on  the 
growth  and  development  of  another  plant 
are  termed  allelochemics.  The  concentra- 
tion in  the  soil  of  alleleochemics  from  a 
dominant  plant  may  exclude  many  other 
plant  species  from  the  community  (Whit- 
taker  1975).  McNaughton  (1968)  suggested 
that  cattails  have  al lelopathic  effects  on 
other  aquatic  species.  Bonasera  et  al . 
(1979)  compared  the  al lelopathic  potential 
of  four  species  common  to  tidal  freshwater 
habitats  —  giant  ragweed,  arrow-arum, 
bunnarigold,  and  common  cattail.  Experi- 


ments with  leaf  and  petiole  extracts,  as 
well  as  soil  extracts,  showed  that  these 
species  vary  in  their  ability  to  affect 
the  germination  of  bioassay  species,  sug- 
gesting that  similar  interactions  may  oc- 
cur between  marshland  species. 

2.5  SEASONAL  SUCCESSION 

A  unique  aspect  of  tidal  freshwater 
marshes  is  the  continually  changing 
appearance  of  the  vegetation  over  the 
course  of  the  growing  season  (Figure  15) 


Figure  15.  Winter  and  early  summer  scenes 
at  the  same  location  on  tidal  freshwater 
Potomac  River.   Photograohs  by  Michael 

Dunn. 
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(Shima  et  al .  1976;  Whigham  et  al .  1976; 
McCormick  and  Somes  1982;  Silberhorn 
1982).  In  the  mid-Atlantic  region,  the 
first  real  evidence  of  renewed  plant  life 
in  tidal  freshwater  marshes  is  the  emer- 
gency of  spatterdock  in  the  low  intertidal 
zone.  Shortly  thereafter,  as  temperatures 
begin  to  rise,  the  spike-like  projections 
of  arrow-arum  and  pickerelweed  poke 
through  the  muck  surface  from  underground 
rhizomes.  Interspersed  among  these  emerg- 
ing perennials  are  large  numbers  of  annual 
seedlings,  largely  comprised  of  wild  rice, 
burmarigolds,  tearthumbs,  and  smartweeds. 
By  early  May,  arrow-arum,  pickerelweed, 
and  spatterdock  completely  dominate  the 
intertidal  zone,  forming  a  dense  low  cano- 
py over  the  other  species;  in  places,  this 
canopy  is  overtopped  by  the  tall, 
sword-like  leaves  of  cattail  and  sweet- 
flag. 

Many  other  species  will  have  germi- 
nated by  early  summer,  but  remain  largely 
obscured  by  the  vegetation  canopy.  How- 
ever, it  is  not  long  before  grasses  such 
as  wild  rice  and  giant  cutgrass  begin  to 
overtop  the  layer  of  flesh-leaved  peren- 
nials, reaching  heights  in  excess  of  3 
meters  (10  ft)  by  mid-July.  As  other 
species  follow  suit  (e.g.,  rose-mallow, 
burmarigolds,  tearthumbs,  water-hemp, 
jewelweed),  the  diversity  of  the  marsh 
becomes  noteworthy,  often  as  many  as  30  to 
50  species  appearing  in  a  single  marsh 
location. 

By  late  July  the  leaves  of  arrow-arum 
and  sweetflag  start  to  yellow,  beginning  a 
dieback  caused  by  the  intense  summer  heat, 
the  increased  abundance  of  herbivores 
feeding  on  succulent  plant  parts,  and  the 
tangled  mat  of  vegetation  now  sprawling 
over  the  former  canopy.  August  brings  a 
surge  in  the  growth  of  the  flower-bearing 
stalks  of  giant  cutgrass,  wild  rice,  and 
other  grasses.  Pickerelweed,  somewhat 
indistinguishable  from  arrow-arum  until 
now,  produces  conspicuous  purplish 
flowers.  By  September  brilliant  yellow 
flowers  of  burmarigold  bloom  and  outline 
the  dense  thickets  this  species  forms. 
Cardinal  flower,  swamp  milkweed,  water 
parsnip,  and  ironweed  also  display  their 
exotic   flowers. 

After  this  intense  display  of  flower- 
ing,   the    entire   marsh   shows   signs    of   the 


coming  fall:  deep  reddish  hues  appear  in 
the  leaves  and  stems  of  tearthumb;  wild 
rice  stands  topple  under  the  force  of 
strong  winds  and  rain;  the  dense  clumps  of 
arrow-arum  become  reduced  to  stubby,  mud- 
covered  sprigs.  The  killing  frosts  of 
November  eliminate  any  remaining  greenery. 
All  that  is  left  by  winter  is  a  mat  of 
tangled,  dead  stems  which  gradually  break 
up  and  disperse  under  tidal  influence 
leaving  a  largely  barren  mudflat  until 
springtime. 

2.6     OTHER  AQUATIC  VEGETATION 

Largely  igonured  in  the  existing 
floristic  studies  of  tidal  freshwater 
marshes  are  (1)  species  of  aquatic  vascu- 
lar plants  characteristically  growing 
beneath  the  water  surface,  (2)  phytoplank- 
ton  within  the  water  column,  and  (3)  ben- 
thic  or  soil  algae  residing  on  muddy  sub- 
strates or  epiphytic  on  emergent  plant 
parts.  Each  of  these  taxonomic  groups  is 
inherently  less  visible  than  emergent 
marsh  macrophytes,  yet  their  importance  to 
the  overall  ecology  of  the  tidal  marsh 
habitat  must  not  be  overlooked. 

Aquatic  Vascular  Plants 

Submerged  vascular  flora  generally 
grow  in  a  zone  extending  approximately 
from  the  level  of  mean  low  water  to  depths 
up  to  several  meters  depending  upon  the 
clarity  of  the  water  (see  Figure  13). 
This  zone  typically  lies  adjacent  to 
emergent  low  marsh,  and  in  the  case  of 
small  shallow  creeks,  can  encompass  the 
entire  channel.  Most  of  these  aquatic 
plants  establish  roots  in  soft  benthic 
muds,  perennially  giving  rise  to  herba- 
ceous outgrowths.  The  density  and  extent 
of  stands  are  extremely  variable,  and  many 
species  are  subject  to  drastic  fluctua- 
tions in  their  populations  from  year  to 
year,  or  in  some  cases,  within  a  given 
season  (Southwick  and  Pine  1975;  Bayley 
et  al.   1978). 

At  the  genus  level,  waterweeds,  pond- 
weeds,  and  watermilfoil s  (Figure  16)  are 
some  of  the  more  prevalent  components  of 
tidal  freshwater  wetlands  of  the 
Atlantic  coast  (Wilson  1962;  Tiner  1977; 
McCormick  and  Somes  1982;  Metzler  and 
Rosza  1982).  In  Virginia,  some  fresh  sub- 
tidal    aquatic  beds  are  composed  of  various 
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Spjrogyra   and   Chara    (Liposon   et  aT.    1979, 
McTormick  and  Somes   1982). 
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Shes  Many  species  are  primary  food- 
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",  encourage  sediment  deposition  by  baf- 
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effects  are  not  yet  quantified. 


As   with   emergent    vegetation     the   di- 
versity     of       rooted       vascular      aquatics 
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Table  5.     Salinity  tolerances  of  various   submerged  aquatic  plants  common  to 
estuaries   of  the  mid-Atlantic  coast.     Modified   from  Stewart  (1962). 


Species 


Marine 


Salinity  Regimes 

Poly-  Meso-         01 i  go-         Tidal 

haline         haline         haline         Fresh 


Brown  algae 
Ulva  lactuca 
Enteromorpha  spp. 
Zostera  marina 
Red  algae 
Ruppia  maritima 
Zannichellia  palustris 
Potamogeton  pectinatus 
Potamogeton  perfol iatus 
Myriophyllum  spicatum 
El  odea  canadensi  s 
Chara  spp. 
Potamogeton  crispus 
Vallisneria  americana 
Najas  quadalupensi  s 
Potamogeton  pusillus 
Ceratophyl lum  demersum 
El  odea  nuttaillii 
Potamogeton  nodosus 
Potamogeton  ampl ifolus 
Potamogeton   foliosus 
Potamogeton  epihydrus 
Potamogeton  robbinsii 
Potamogeton  gramineus 
Myriophyl lum  pinnatum 
Myriophyl  lum  tenel  lum 
Najas  gracillima 
Zosterel la  dubia 
Nitella  spp. 
Spi  rogyra  spp. 
Najas  flexilis 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


Species  Totals 


10 


14 


25 


Phytoplankton 

Phytoplankton  are  an  extraordinarily 
diversified  group  of  organisms  floatinq 
freely  in  the  water  column  as  single  cells 
or  as  small  multicellular  colonies.  Sea- 
sonal and  spatial  population  dynamics  of 
this  taxonomic  group  result  from  a  large 
and  constantly  changing  array  of  environ- 
mental parameters  interacting  with  physio- 
logical characteristics  of  the  organisms. 


Salinity  is  a  major  factor  influencing  the 
geographical  distribution  of  phytoplank- 
ton, creating  a  distinct  community  in 
tidal  fresh  water  which  is  comprised,  for 
the  most  part,  of  riverine  taxa  (Lippson 
et  al .  1979).  Light,  temperature,  and 
water  turbidity  exert  considerable  influ- 
ence on  photosynthesis  and  other  metabolic 
processes  such  as  reproduction.  These 
factors  interact  with  cycling  nutrients, 
especially  nitrogen  and  phosphorus,  to 
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govern  the  seasonal  blooms  and  successions 
of  phytoplankton  populations.  In  undis- 
turbed tidal  freshwater  locales  this  suc- 
cessional  periodicity  is  fairly  constant 
from  year  to  year;  however,  biotic  transi- 
tions may  be  .nuted  in  southern  Atlantic 
coastal  regions  where  climatic  changes  are 
less  drastic  (Sandifer  et  al .  1980). 

Generalizations  concerning  seasonal 
abundances  and  periodicities  of  phyto- 
plankters  in  fresh  water  are  difficult  to 
make,  especially  if  unnatural  nutrient 
loading  occurs  in  the  estuary  (Wetzel 
1975).  One  of  the  few  existing  quantita- 
tive assessments  of  tidal  fresiiwater  phy- 
toplankton communities  was  compiled  for 
the  Potomac  River  in  Virginia  and  Maryland 
(Lippson  et  al .  1979).  These  algal  popu- 
lations wer.?  largely  characterized  by  (1) 
species  of  green  algae  (Chlorophytes) 
which  are  moderate  to  high  in  abundance 
year  around,  (2)  diatoms  (Bacillario- 
phytes),  which  are  extremely  prevalent  in 
all  seasons  except  midsummer  and  early 
fall,  and  (3)  moderate  numbers  of  blue- 
green  phytoplankters  (Cyanophytes)  pre- 
dominating in  the  summer  and  fall  months. 

Chlorophyta  account  for  as  much  as 
one-third  of  tie  total  tidal  freshwater 
phytoplankton  community  in  the  Potomac. 
Over  100  species  have  been  recorded  from 
this  area  with  no  single  species  dominat- 
ing. J.  Fourqurean  and  D.  Childers 
(Department  of  Environmental  Sciences 
University  of  Virginia,  Charlottesville; 
pers.  comm.)  found  that  desmids  and  fila- 
mentous Chlorophytes  comprised  over  50 
percent  of  a  Virginia  tidal  freshwater 
phytoplankton  community  in  late  fall. 
Species  commonly  found  in  both  of  these 
studies  include  Micractinium  spp., 
Pedlastrum  spp.,  Scenedesmus  spp.,  Spiro- 
gyra  spp. ,  and  Microspora  spp. 

The  most  ubiquitous  and  abundant  of 
all  phytoplankters  are  the  Bacillario- 
phytes.  Many  of  these  species  are  actu- 
ally epibenthic  algae  which  become 
entrained  in  the  water  column  via  tidal 
currents.  Peak  diatom  biomass  often 
exceeds  one  million  cells  per  liter 
(Lippson  et  al .  1979);  however,  no  infor- 
mation is  available  concerning  the  genera 
most  consistently  encountered  in  tidal 
fresh  waters. 


The  remaining  phytoplanktonic  compo- 
nents include  various  Cyanophytes,  eugle- 
noids,  and  dinof lagel lates.  Freshwater 
species  of  blue-green  algae  are  strongly 
inhibited  by  salinities  greater  than  a  few 
parts  per  thousand  and  generally  do  not 
exceed  densities  over  one-hundred  thousand 
cells  per  liter.  Common  genera  include 
Anabaena,  Anacystis  and  Oscil 1 i toria. 
Populations  of  euglenoids  are  transient, 
and  occur  only  during  midsummer  in  the 
Potomac,  riensities  do  not  exceed  10,000 
cells  per  liter.  During  late  summer  the 
most  prevalent  genera  are  Euglena  and  Tra- 
chelmonas.  The  dinoflagellate,  Peridini- 
um,  was  found  to  be  an  abundant  constitu- 
ent of  phytoplankton  communities  in  the 
James  River  in  Virginia  (Fourqurean  and 
Childers,  pers.  comm.). 

Benthic/Mud  Algae 

Epibenthic  algae  grow  wholly  or  nar- 
tially  submerged  on  a  variety  of  surfaces. 
They  occur  as  microscopic  unicells  or 
larjer  colonial  forms,  with  many  species 
residing  only  temporarily  on  the  benthos. 
Planktonic  forms  commonly  settle  onto  ben- 
thic  or  marsh  surface  substrates  to  com- 
plete the  reproductive  or  resting  stages 
of  their  life  cycles.  The  benthic  algal 
communities  of  tidal  freshwater  marshes 
are  not  well  studied,  and  like  phytoplank- 
ton, are  subject  to  complex  blooms  and 
successions  which  make  it  difficult  to 
give  general  demographic  descriptions. 
The  limited  information  available  suogests 
that  Cyanophytes,  Bacillariophytes,  and 
Chlorophytes  dominate  epibenthic  algal 
communities'  tidal  freshwater  habitats. 
Many  of  these  communities  are  comprised  of 
riverine  species  which  are  intolerant  of 
sal ine  conditions. 

Summer  communities  in  tidal  fresh- 
water portions  of  the  Potomac  River  are 
typified  by  the  blue-green  algae 
Shizothrix  spp.  and  Chromul ina  paschrei 
and  by  green  algae  such  as  Cosmanum  sdo. 
and  Clostreium  spp.  (Lippson  et  al .  1979). 
In  contrast,  late  fall  benthic  algal 
counts  in  a  tidal  freshwater  tributary  of 
the  James  River  showed  centric  (Cyclotel la 
sp.,  Stephanodiscus  sp.,  Coscinodiscus 
sp.)  and  pennate  (Naviculales  so.)  diatoms 
to  be  the  dominant  community  constituents 
(Fourqurean  and  Childers,  pers.  comm.). 
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In  a  year  long  study  of  soil  algae  in 
a  New  Jersey  tidal  freshwater  marsh,  a 
total  of  84  species,  exclusive  of  diatoms, 
were  cataloged  (Whigham  et  al .  1980). 
Algal  diversity  peaked  prior  to  the  begin- 
ning of  the  growing  season.  It  peaked 
again  in  September  after  commencement  of 
the  macrophyte  dieback.  Chlorophytes 
strongly  dominated  this  marsh  surface  com- 
munity, followed  by  Cyanophytes  and  then 
Xanthophytes. 

Whigham  et  al .  (1980)  maintain  that 
summer  growth  of  emergent  macrophytes  re- 
duces the  algal  density  on  muddy  marsh 
substrates.  Whigham  and  Simpson  (1975) 
assessed  the  productivity  of  mud  algae  in 
various  macrophyte  community  types.  Soil 
type  appeared  to  influence  productivity 
most  significantly;  the  silty-sand  soils 
and  low  organic  content  of  low  marsh- 
spatterdock  zones  provided  the  best  sub- 
strate   for    algal     growth.       In     contrast, 


silty-clay  soils  and  high  organic  contents 
found  in  mixed-herbaceous  high  marsh  areas 
and  cattail  communities  produced  lower 
algal  productivities.  Presumably,  edaphic 
characteristics  act  in  conjunction  with 
light,  temperature,  and  nutrient  concen- 
trations to  produce  these  differences  in 
standing  crop.  As  with  phytoplankton, 
nutritive  sewage  effluent  is  known  to  sig- 
nificantly increase  algal  standing  crops 
in  tidal  marshes  (Whigham  and  Simpson 
1975). 

Mud  algae  can  often  be  seen  forming  a 
dark-greenish  band  on  exposed  channel 
banks  of  tidal  areas.  Peak  biomass  for 
this  taxa  is  estimated  to  be  two  to  three 
orders  of  magnitude  less  than  peak  biomass 
for  vascular  plants  (Wetzel  and  Westlake 
1959).  Mud  algae  remain  as  functioning 
producers  throughout  the  entire  year, 
however,  and  may  contribute  more  to  total 
annual    production  than  might  be  expected. 
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CHAPTER  3.    ECOSYSTEM  PROCESSES 


3.1      PRIMARY   PRODUCTIVITY 


Production  Estimates 


Introduction 

The  primary  productivity  of  an  eco- 
logical system,  community,  or  any  part  of 
such  a  system,  is  defined  as  the  rate  at 
which  various  organisms,  chiefly  green 
plants,  assimilate  and  synthesize  gaseous 
and  dissolved  inorganic  substances  into 
organic  matter.  The  total  amount  of 
organic  matter  produced  by  green  plants 
during  a  particular  time  interval  is 
termed  gross  primary  production.  The  rate 
of  storage  of  organic  matter  in  plant 
tissues  in  excess  of  the  respiratory 
utilization  by  plants  during  the  period  of 
measurement  is  known  as  net  primary 
production. 


The  organic  natter  produced  by  vascu- 
lar plants,  phytoplankton,  and  benthic 
algae  in  the  tidal  freshwater  habitat 
serves  as  an  energy  source  for  various 
heterotrophic  organisms.  Much  live  mate- 
rial can  be  consumed  in  situ  by  various 
herbivores.  Microbial  populations  decom- 
pose and  utilize  a  large  fraction  of  the 
dead  plant  material  on  the  marsh  surface. 
Detritivores  further  fragment  decomposing 
plant  remains.  Although  a  significant 
portion  of  this  organic  matter  is  utilized 
and  stored  within  the  marsh  habitat,  a 
large  fraction  may  be  exported  out  of  the 
system.  Tidal  currents  and  wind  encourage 
the  entrapment  and  transport  of  organic 
carbon  to  downstream  estuarine  locations. 
Migrating  consumers  may  feed  within  the 
habitat  and  then  move  on.  It  is  estimated 
that  salt  marshes  export  about  one-half  of 
the  net  primary  production  to  adjacent 
tidal  waters  (Teal  1962,  Odum  and  Skjei 
1974);  however,  a  comparable  figure  is  not 
available   for  tidal    freshwater  marshes. 


The  biomass  and  primary  production  of 
tidal  freshwater  wetlands  have  been 
reported  to  be  very  high  (Odum  1978). 
Numerous  estimates  of  standing  crop  and 
annual  aboveground  net  production  exist 
for  the  dominant  species  of  vascular 
plants  occurring  within  this  habitat 
(Table  7);  however,  there  are  only  a  few 
estimates  of  total  net  community  produc- 
tion (Whigham  et  al .  1976,  Ooumlele  1981). 
The  existing  data  on  biomass  and  produc- 
tion show  a  great  deal  of  variability  both 
within  and  between  vegetation  types,  yet 
it  appears  that  the  total  net  community 
production  of  these  marshes  generally 
ranges  from  1,000  to  over  3,500  g/m2/yr 
(Odum        1978).  Productivity       measures 

reported  for  saline  wetlands  fall  within 
the  same  range  as  those  for  tidal  fresh- 
water marshes,  within  a  given  latitudinal 
zone  (e.g.,  mid-Atlantic);  the  biomass 
production  of  fresh  tidal  wetlands  may  be 
greater  than  higher  salinity  communities 
(Whigham  et  al .    1976). 

Obtaining  accurate  estimates  of  net 
production  in  tidal  marshes,  either  on  a 
per-species  or  community  basis,  is  diffi- 
cult because  of  (1)  seasonal  patterns  of 
biomass  allocation,  (2)  the  heterogeneity 
in  plant  community  composition,  (3)  sea- 
sonal biomass  turnover  due  to  leaf  mortal- 
ity, decomposition,  and  herbivory,  and  (4) 
the  inherent  problems  in  measuring  the 
production  of  belowground  plant  parts 
(Whigham  et  al.  1978).  Traditionally, 
investigators  have  compared  the  productiv- 
ity of  tidal  wetland  vegetation  by  measur- 
ing peak  aerial  standing  crops.  However, 
there  is  no  objective  way  of  pinpointing 
the  exact  moment  at  which  the  peak  crop 
exists;  therefore,  the  potential  for  error 
with  single  harvest  methods  is  high 
(McCormick   and   Somes    1932).      By   restrict- 
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Table  7.  Peak  standing  crop  and  annual  production  estimates  for  common  tidal  fresh- 
water veyetation  types.  Data  are  largely  generated  from  mid-Atlantic  tidal  freshwater 
marshes.  Values  are  in  grams  per  m2  dry  weight.  Average  values  are  not  necessarily  a 
function  of  table  entries,  but  represent  best  estimates  from  selected  literature 
values.  This  table  is  an  extension  of  those  produced  by  Whigham  et  al .  (1978)  and 
McCormick  and  Somes  (1982). 


Vegetation  type 


Peak  standing  crop 
Tops     Roots     Dead 


Annual 
production 


State 


Source 


Spatterdock 


514* 

245 

743* 

516 

605 

529* 

1175 


1146 


4799 


863' 


780 


MD 

12 

VA 

15 

NJ 

10 

NJ 

11 

NJ 

5 

NJ 

16 

NJ 

16 

PA 

9 

Average 


627 


780 


row-arum/ 

459 

pickerel  weed 

648* 

988 

1286 

594* 

587* 

667 

553 

2463 


- 

VA 

3 

- 

MD 

12 

- 

MD 

4 

- 

NJ 

6 

- 

NJ 

11 

- 

NJ 

16 

650 

NJ 

16 

1126 

NJ 

10 

- 

NJ 

9 

Average 


671 


888 


Wild  rice 


2091* 

1178* 

560 

1390 

1600 

866* 

1345 

1117 


721 


- 

MD 

12 

- 

MD 

4 

- 

VA 

15 

- 

NJ 

11 

- 

NJ 

5 

1589 

NJ 

16 

1520 

NJ 

10 

- 

PA 

9 

Average 


12181 


1573 


Giant  cutgrass 


1039 


518 


2048 


GA 


Smartweed- 
rice  cutgrass 


2142* 

1547 

116 

769       507 

523 


MD 

12 

VA 

15 

VA 

3 

NJ 

5 

PA 

9 

Average 


1207 


(continued) 
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Table  7.      Contii 

"iued. 

Peak 

standing   crop 

Annual 

Vegetation   type 

Tops 

Roots           Dead 

production 

State 

Source 

Rose-mal low 

1713* 

_ 

_ 

MD 

12 

569* 

- 

- 

no 

2 

- 

- 

489 

MD 

13 

Average 

1141 

369 

Cattail 

2338 

167 

_ 

MD 

7 

1190* 

300 

- 

MD 

4 

96  G 

- 

1863 

MD 

8 

987 

- 

- 

NJ 

11 

850 

1800 

- 

NJ 

5 

1007* 

1371 

- 

NJ 

6 

- 

- 

956 

NJ 

13 

1297* 

- 

1320 

NJ 

16 

1199 

- 

1534 

NJ 

10 

804 

5053 

- 

NJ 

14 

1310* 

- 

- 

PA 

9 

Average 

1215 

1420 

3u  marigold 

1026 

910 

NJ 

16 

1109 

- 

1771 

NJ 

10 

900 

- 

- 

PA 

9 

Average 

1017 

1340 

Sweetflag 

1174* 

MD 

12 

605 

- 

- 

NJ 

11 

819* 

- 

- 

NJ 

16 

623 

- 

1071 

NJ 

10 

Average 

857 

Duck-potato 

649 

—                                    — 

1071 

NJ 

10 

214 

- 

- 

NJ 

6 

Average 

432 

Water-hemp 

1112 

1547 

NJ 

10 

678 

560 

- 

NJ 

6 

Average 

960 

Giant  Ragweed 

1160 

1160 

NJ 

16 

1227* 

- 

- 

PA 

9 

Average 

1205 

(continued) 
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Table  7.  Concluded 


Vegetation  type 


Peak  standing  crop 
Tops     Roots    Dead 


Annual 
production 


State 


Source 


Common  reed 


Average 


3999^ 

1357 
1451 
1727 
1493 
1074 
654 

1850 


347^ 


- 

MD 

12 

3900 

MD 

13 

- 

MD 

4 

1578 

MD 

8 

- 

NJ 

11 

2066 

NJ 

10 

- 

NJ 

14 

- 

PA 

9 

1872 


Big  cordgrass 


Average 


3543* 

951 

1207 

2311 


241 


1572 


MD 


MD 


12 
4 
8 


Spiked- 
loosestrife 

Average 


2104 
1373 

1616 


2100 


*Value  generated   from  more  than  one  estimate 
**l_eaves   of  woody  plants;   no  wood   is   included 


List  of  Sources: 

1-Birch  and  Cooley  1982 
2-Cahoon  1982 
3-Doumlele  1931 
4-Flemer  et  al .  1978 
5-Good  and  Good  1976 
6-Good  et  al.   1975 
7-Heinle  et  al.   1974 


NJ 
PA 


16 
9 


Swamp  rose 

699** 

- 

- 

- 

MD 

12 

Red  maple/ash 

522** 

- 

- 

- 

MD 

12 

Bald  cypress 

344** 

- 

- 

- 

MD 

12 

Mud  algae 

4* 

- 

- 

- 

NJ 

16 

8-Johnson  1970 

9-McCormick  1970 
10-McCormick  1977 
11-McCormick  and  Ashbaugh  1972 
12-McCormick  and  Somes  1982 
13-Stevenson  et  al .   1976 
14-Walker  and  Good   1976 


15-Wass  and  Wright 

1969 
16-VJhigham  and 

Simpson     1975 
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ing  the  sampling  effort  to  just  one  point 
during  the  growing  season,  those  plant 
tissues  which  develop  after  sampling  and 
those  that  senesce  or  are  consumed  by 
insects  before  sampling  are  missed.  Given 
the  dramatic  seasonal  successional  changes 
that  are  known  to  occur  in  almost  all 
tidal  freshwater  vegetation  communities, 
estimates  of  total  community  production 
are  likely  to  be  inaccurate  and  underesti- 
mated   unless    multiple    harvests    are    made. 

Density  of  vegetation  and  species 
composition  also  greatly  influence  produc- 
tion estimates.  Doumlele  (1981)  noted 
that  peak  biomass  values  for  arrow-arum 
from  a  number  of  different  studies  ranged 
from  57  to  1,286  g/m2.  These  drastic  dif- 
ferences were  attributed  to  the  degree  of 
spacing  between  individuals  at  various 
locations  and  to  the  relative  pureness  of 
the  predominant  vegetation  type  within  a 
given  stand.  Pure  stands  of  any  given 
species  are  uncommon  in  tidal  freshwater 
marshes,  especially  at  higher  elevations. 
Total  biomass  production  estimates  of 
mixed  tidal  freshwater  marsh  communities 
are  strongly  dependent  on  species  composi- 
tion. \  diversified  community  can  contain 
a  variable  proportion  of  prolific  produc- 
ers (e.g.,  common  reed  or  wild  rice)  or 
species  with  inherently  lower  biomass  pro- 
duction (e.g.,  arrow-arum  or  spatterdock) 
(Whigham  et  al .    1973;  Doumlele  1981). 

Inspection  of  the  peak  standing  crop 
and  annual  net  production  estimates  com- 
piled In  Table  7  clearly  reveals  the  high 
variability  between  species.  Marshes 
dominated  by  tall  reeds  and  grasses  such 
as  wild  rice,  comnon  reed,  giant  cutgrass, 
big  cordgrass,  or  cattail  produce  the 
greatest  quantities  of  biomass,  generally 
in  the  range  of  1,500  to  2,000  g/m2/yr. 
Considering  the  potential  heights  and  den- 
sities attained  by  these  species,  such  ex- 
traordinary production  rates  are  not  sur- 
prising. Early  in  the  growing  season, 
many  marshes  are  dominated  extensively  by 
fleshy-leaved  macrophytes  (arrow-arum, 
pickere Tweed,  spatterdock)  and  would  seem- 
ingly show  high  rates  or  biomass  accumula- 
tion. However,  all  these  species  show 
maximum  peak  standing  crops  of  less  than 
700  g/m2/yr.  In  reality,  all  of  these 
emergent  perrenials  produce  aerial  leaves 
and  stems  composed  primarily  of  water  and 
air-filled  aerenchymatous   tissue. 


Other  vegetation  producing  signifi- 
cant quantities  of  biomass  on  an  annual 
basis  include  burmarigold  (1,340  g/m2), 
water-hemp,  giant  ragweed,  rose-mallow 
(869  g/m2),  and  sweetflag.  In  addition, 
shrubs  and  hydrophytic  trees  may  supply 
300  to  700  g/m2  of  leaf  material  onto  the 
marsh  surface. 

No  satisfactory  method  exists  for 
quantifying  belowground  production  in  wet- 
land habitats.  Belowground  production 
measurements,  however,  are  essential  to 
the  accurate  assessment  of  per-species  or 
community  productivity.  Whigham  et  al . 
(1978)  suggested  that  belowground  produc- 
tion can  be  quite  high  for  some  soecies. 
Data  for  cattail,  spatterdock,  and  arrow- 
arum  show  impressive  underground  produc- 
tion capability  (see  Table  7),  but  as  per- 
renials, these  values  do  not  represent 
biomass  accumulation  from  a  single  growing 
season.  In  order  to  account  for  changes 
in  belowground  biomass  on  a  yearly  basis 
for  either  annual  or  perrenial  species, 
production  rates  need  to  be  calculated 
over  short,  repeated  intervals.  Although 
largely  unquantified,  the  rates  of  below- 
ground production  in  these  soecies  are 
thought  to  be  high. 

Unfortunately,  the  peak  standing  crop 
production  information  in  Table  7,  from 
studies  spanning  a  number  of  years  and 
locations,  is  not  conducive  to  making 
between-marsh  comparisons  of  productivity. 
If  seasonal  changes  in  community  biomass 
per  marsh  unit  were  quantified  (e.g., 
Doumlele  1931),  our  understanding  of  the 
factors  influencing  marsh  productivity 
would  be  greatly  enhanced. 


Biomass  Partitioning 

The  partitioning  of  net  primary  pro- 
duction between  aboveground  and  below- 
ground structures  of  tidal  freshwater 
macrophytes  can  provide  insight  into  the 
life  history  strategies  of  species  popula- 
tions. Whigham  and  Simpson  (1973)  noted 
that  yearly  production  in  annual  species 
including  grasses  (wild  rice)  and  herbs 
(burmarigold,  jewelweed,  smartweed, 

water-hemp)  was  largely  allocated  to 
aboveground  shoot  production  except  during 
early  stages  of  growth.  At  peak  standing 
crop,    the    ratio   of   belowground    (roots)   to 
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aboveground  (stems)  biomass  (R:S)  averaged 
less  than  0.5  for  all  annual  species 
measured.  Perennials  exhibited  more  vari- 
ation in  patterns  of  biomass  allocation, 
but  generally  partitioned  greater  amounts 
of  biomass  to  belowground  plant  parts. 
Arrow-arum  provides  the  most  extreme 
example  of  this  trend,  allocating  up  to 
90%  of  its  total  biomass  to  roots  and 
rhizomes  (R:S  much  greater  than  1.0). 

Differences  in  biomass  partitioning 
are  most  likely  related  to  reproductive 
strategies,  survival  strategies,  or  physi- 
ological adjustments  associated  with 
exploitation  of  stressful  portions  of  a 
habitat  gradient  (Whigham  and  Simpson 
1976;  Ferren  and  Schuyler  1930).  Annual 
seedlings  allocate  more  biomass  to  rooting 
structures  during  establishment  phases, 
then  convert  to  a  rapid  phase  of  shoot 
growth.  Anaerobic  conditions  prevailing  in 
low  marsh  substrates  demand  physiologic 
adaptations  for  survival.  The  deep  under- 
ground tubers  produced  by  arrow-arum  are 
adapted  to  cope  with  such  stresses,  but 
the  energy  expenditure  required  to  main- 
tain such  structures  is  great. 


3.2  DECOMPOSITION  AND  LITTER  PRODUCTION 

Decomposition  of  marsh  plant  material 
(reviewed  by  Brinson  et  al.  1981)  varies 
greatly  in  response  to  a  variety  of  fac- 
tors. These  include  ambient  temperatures, 
moisture,  periodicity  of  flooding,  nutri- 
ent availability  from  external  sources, 
presence  or  absence  of  oxygen,  consumer 
activity,  and  a  range  of  plant  substrate 
characteristics  including  nitrogen  and 
crude  fiber  content.  In  spite  of  this 
variability,  there  are  several  general 
trends  associated  with  tidal  freshwater 
plant  material  which  we  have  identified. 

Tidal  freshwater  vascular  plants  can 
be  placed  into  two  general  groups  based  on 
the  rate  at  which  they  decompose  (Table 
8).  One  group,  generally  found  in  the  low 
and  mid  sections  of  the  marsh,  decompose 
extremely  rapidly  (Odum  and  Heywood  1978) 
(see  Figure  17).  These  Dlants  have  rela- 
tively low  amounts  of  resistant  compounds 
(e.g.,  hemi-cellulose,  cellulose,  lignin) 
and  relatively  high  amounts  of  nitrogen 
(2%  to  4%  of  total  dry  weight  according  to 
Dunn  1978).   They  also  have  the  highest 


Table  8.  Two  groups  of  tidal  freshwater 
vascular  plants  based  on  rates  of  decompo- 
sition under  similar  conditions  are 
arranged  in  approximate  order  of  rate  of 
decay  with  the  most  rapid  at  the  top. 
Other  plants  in  the  marsh  lie  between 
these  two  groups.  Decay  rates  are  of 
aboveground  material  only. 


Species 


Reference 


RAPID  DECOMPOSERS 
Spatterdock,   Nuphar  luteum 
Arrow-arum,   Peltandra  vi  rginica 
Burmarigold,   Bidens   laevis 
Pickerelweed,   Pontedaria  cordata 
Arrowhead,   Saqittaria   latifolia 
Hibiscus  (leaves),   Hibiscus  moscheutos 
wild   rice,   Zizania  aquatica 

SLOW  DECOMPOSERS 
Sedges  ,  Carex  spp. 
Broad-leaf  cattail,   Typha   latifolia 
Marrow-leaf  cattail,   Typha  anqustifolia 
Common  reed ,  Phragmi tes  austral  is 
Hibiscus  (stems),   Hibiscus  moscheutos 


Van  Dyke  (1978) 

Odum  and  Heywood  (1978) 

Sickels  et  al.  (1977) 

Our      unpublished      data 

Our      unpublished      data 

Cahoon   (1982) 

Our   unpubl  ished   data 


Rowden   (pers.   comm. ) 
Brinson  et  al.  (1981 
Brinson  et  al.  (1981) 
Our   unpublished   data 
Cahoon  (1982) 
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Figure  17.  Typical  decomposition  curves 
for  high  marsh  plants  (e.g.,  Spartina 
cynosuroides)  and  low  marsh  plants  (e.g. , 
Zizania  aquatica)  subject  to  similar  envi- 
ronmental conditions.  From  Turner  (1973). 


rates  of  oxygen  consumption  (BOD)  during 
decomposition  (Van  Dyke  1978).  During  the 
warm  summer  months,  these  plants  may  lose 
30%  to  40%  of  their  dry  weight  in  one  week 
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and  completely  decompose  in  4  to  6  weeks 
(Van  Dyke  1973,  Turner  1978). 

The  second  ground  of  tidal  freshwater 
plants  (Table  9)  are  found  in  the  higher 
sections  of  the  marsh  and  have  much  slower 
rates  of  decomposition  (Figure  17).  In 
general,  they  contain  high  concentrations 
of  resistant  compounds  and  lower  concen- 
trations of  nitrogen  than  the  first  group 
of  plants  (Dunn  1978).  Consumption  of 
this  type  of  plant  material  bv  detriti- 
vores  is  significantly  lower  than  from  the 
first  group  (see  Section  3.5). 

Plants  that  decompose  rapidly 
dominate  the  low  marsh  in  tidal  freshwater 


Table  9.  Typical  zooolankton  to  be  ex- 
pected in  mid-Atlantic  tidal  freshwater. 
Data  from  Lippson  et  al .  (1979)  for  the 
Potomac  River,  and  from  Van  Engel  and 
Joseph  (1968)  for  the  York  River. 


Jellyfish 

winter  jellyfish,  Cyanea  capil lata 

Copepods 

Eurytemora  affinis 
Mesocyclops  edax 
Acartia  tonsa 


Mys  i  d 

Neomysis  americana 

Amphipods 

Corophium  lacustre 
Monoculodes  edwardsi 
Gamma rus  spp. 

Cladocerans 
Daphnia 

Sida  crystal  1 ina 
Leptodora  kindi  i 
Bosmina  longirostris 

Rotifers 

Keratella  cochlearis 
Brachionus  calci  florus 

Benthic  invertebrate  larvae 

Rhithropanopeus  harissi  i  (mud  crab) 


(see  Chapter  2).  The  low  marsh  has  a 
modest  litter  layer  during  the  summer 
months  and  \/ery  little  litter  during  the 
winter  and  spring.  This  contributes  to 
the  high  erodibility  of  the  low  marsh 
(Section  1.6)  and  the  tendency  to  release 
nutrients  into  tidal  waters  during  the 
winter  and  spring  (Section  3.3).  The  high 
marsh  with  its  slower  decomposing  plants 
retains  a  significant  litter  layer 
throughout  the  year  (personal  observa- 
tion). In  some  northern  marshes,  such  as 
the  North  River  Marsh  in  Massachusetts 
which  is  dominated  by  species  of  Calama- 
grostis,  Carex,  and  Typha,  and  where 
decomposition  rates  are  generally  slower, 
much  of  the  marsh  retains  a  significant 
litter  layer  during  all  seasons  (Bowden 
1982).  The  same  situation  exists  in 
southeastern  marshes  dominated  by  giant 
cutgrass  which  has  an  extensive  rhizome 
system  and  produces  a  thick  peat  layer. 

Not  only  do  the  rapidly  decomposing 
plants  have  a  high  nitrogent  content,  but 
during  the  early  stages  of  decomposition 
the  nitrogen  and  phosphorous  content  may 
increase  (Odum  and  Heywood  1978;  Turner 
1973)  (see  Figure  18).  Sickels  et  al . 
(1977)  and  Whigham  et  al.  (1980)  showed 
that  tidal  freshwater  marsh  litter  is  cap- 
able of  concentrating  both  phosphorus  and 
nitrogen  from  sewage  effluent  released 
onto  the  marsh  surface.  This  nutrient 
concentration  has  implications  for  under- 
standing nutrient  flux  (Section  3.3). 

It  appears  that  the  low  marsh,  with 
its  seasonal  litter  layer,  may  serve  as  a 
nutrient  sink  only  during  the  summer  and 
fall  months  while  the  high  marsh  may  have 
a  greater  year-long  nutrient  uptake 
capaci  ty. 

In  summary,  the  low  and  high  marsh 
plants  of  the  tidal  freshwater  marsh 
decompose  at  dramatically  different  rates. 
This  leads  to  differences  in  the  thickness 
and  duration  of  the  litter  layer,  erosion 
rates,  and  nutrient  retention  capacity  in 
different  sections  of  the  marsh.  As  a 
result,  depending  upon  the  relative  pro- 
portions of  high  and  low  marsh  vegetation, 
these  marshes  may  vary  in  their  capacity 
to  absorb  excess  loads  of  nutrients  (i.e., 
sewage  effluent). 
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Figure  18.  Changes  in  total  nitrogen  and  phosphorus  content  of  decaying  wild  rice, 
Zizania  aquatica,  expressed  as  percent  of  the  remaining  ash-free  dry  weight.  Plotted 
values  are  mean  ±  1  S.E.  From  Turner  (1978). 


3.3  NUTRIENT  CYCLING  (OTHER  THAN  CARBON) 

The  general  model  of  nutrient  cycling 
in  estuarine  marshes  is  based  on  a  number 
of  studies  (e.g.,  Axelrad  et  al .  1976; 
Valiela  and  Teal  1979;  Nixon  1980).  This 
model  appears  to  apply  in  principle  to 
tidal  freshwater  marshes.  Certain 
details,  however,  may  be  different. 

The  general  estuarine  model  (Figure 
19)  indicates  that  coastal  marshes  act 
primarily  as  transformers  of  nutrients, 
particularly  nitrogen  and  phosphorus;  in 
addition  they  may  function  as  either  sinks 
or  sources  of  nutrients  depending  upon  a 
variety  of  conditions.  As  transformers 
they  import  dissolved  oxidized  inorganic 
forms  (nitrite,  nitrate,  phosphate)  and 
export  dissolved  and  particulate  reduced 
forms  (ammonium,  forms  of  organic  nitrogen 


and  phosphorous  compounds).  There  is  a 
tendency  for  coastal  wetlands  to  have  a 
net  import  of  nutrients  at  the  beginning 
and  during  the  growing  season  and  to  have 
a  net  export  in  the  autumn  and  winter. 
Whether  a  specific  marsh  is  a  net  importer 
or  exporter  of  nutrients  depends  on  a  num- 
ber of  factors  including:  (1)  succession- 
al  age  of  the  marsh,  (2)  salinity  and 
redox  characteristics,  (3)  presence  or 
absence  of  upland  sources  of  nutrients, 
(4)  presence  or  absence  of  human  inputs  of 
nutrients,  (5)  tidal  energy  input,  and  (6) 
magnitude  and  stability  of  nutrient  flux 
in  the  estuary  to  which  the  marsh  is 
coupled  (Stevenson  et  al .  1977). 

Tidal  freshwater  marshes  apparently 
function  in  a  similar  fashion  (Heinle  and 
Flemer  1976;  Stevenson  et  al .  1977;  Adams 
1978;  Simpson  et  al .  1978;  Simpson  et  al . 


SOURCES 

(LARGELY  INORGANIC,  OXIDIZED  N  AND  P  COMPOUNDS) 

PRECIPITATION 

GROUNDWATER  SEEPAGE 

TIDAL  FLOODING  OR  RIVER  INFLOW 

NITROGEN  FIXATION 

ANIMALS  (BIRDS,  MAMMALS,  FISH,  ETC.) 


MARSH  COMMUNITY 

(LARGELY  MICROBIAL  ACTIIVITY) 


NITROGEN 


PLANT  UPTAKE  AND  RELEASE 
DETRITAL  UPTAKE  AND  RELEASE 
AMMONIFICATION 

(ORGANIC ►AMMONIUM) 

DISSIMULATORY  NITRATE  REDUCTION 


PHOSPHORUS 

ORTHOPHOSPHATE  ADSORPTION 
PLANT  UPTAKE  AND  RELEASE 


(NITRATE  AND  NITRITE 


AMMONIUM) 


OUTPUTS 

(LARGELY  ORGANIC  P,  AND  REDUCED  AND  ORGANIC  N) 

TIDAL  FLUSHING 

ATMOSPHERIC  RELEASE  OF  AMMONIA 

DENITRIFICATION 

Figure  19.   A  general  model  of  nitrogen  and  phosphorus  nutrient  cycling  in  coastal 
marshes.  Based  on  Valiela  and  Teal  (1979)  and  Nixon  (1980). 


1981;  Bowden  1982).  One  possible  differ- 
ence, however,  is  that  the  characteristic 
seasonal  nutrient  exchange  tendencies  are 
more  pronounced  in  tidal  freshwater 
marshes,  probably  due  to  a  lack  of  winter 
plant  and  litter  cover.  In  these  marshes 
there  appears  to  be  a  clear  pattern  of 
nitrite,  nitrate,  and  phosphate  import 
from  river  water  to  the  marshes  at  the 
beginning  of  the  growing  season.  This  is 
metabolized  by  bacteria  into  forms  more 
useful  to  plants  (i.e.,  ammonium)  and 


stored  during  the  summer  months  in  both 
plant  tissues  and  the  litter  layer  on  the 
surface  of  the  marsh.  Whigham  et  al . 
(1980)  demonstrated  the  importance  of  the 
litter  layer  in  holding  both  nitrogen  and 
phosphorus  temporarily  during  the  summer 
and  early  autumn.  Later  in  the  autumn 
there  is  considerable  export  of  reduced 
nitrogen  and  phosphorus  due  to  the  rapid 
disappearance  of  dead  and  dying  plant 
material  from  the  lower  sections  of  the 
marsh.   During  the  winter  nutrients  con- 
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tinue  to  be  exported,  but  at  a  slower 
rate. 

The  preceding  discussion  remains 
hypothetical.  There  is  a  lack  of  studies 
on  processes  involved  in  the  cycling  of 
nitrogen  and  phosphorus  in  tidal  fresh- 
water marshes.  Whether  the  spring  and 
autumn  peaks  of  nutrient  flux  are  more 
pronounced  than  in  salt  marshes  remains  to 
be  demonstrated  conclusively. 

The  importance  of  nitrogen  fixation 
in  tidal  freshwater  wetlands  is  not  cer- 
tain. Excessive  shading  by  the  broad- 
leaved  plants  (arrow-arum,  pickerelweed, 
spatterdock)  may  limit  the  activity  of 
blue-green  algae  to  creek  banks  during  the 
early  spring  and  late  autumn. 

Bowden  (1982)  has  emphasized  the  im- 
portance of  ammonium  in  tidal  freshwater 
marshes.  In  a  mass  balance  study  of  the 
North  River,  Massachusetts,  he  found  the 
gross  ammonium  production  by  microbes  to 
be  53.5  g  N/m2/yr.  This  production  rate 
was  sufficient  to  supply  all  of  the  nitro- 
gen required  to  support  plant  production 
(estimated  to  be  22.3  g  N/m2/yr) ,  micro- 
bial assimilation  (measured  as  17.9 
g  N/m2/yr),  and  nitrification  (measured  as 
11.6  g  N/m2/  yr) .  The  ammonium  production 
rate  was  supported  by  efficient  internal 
recycling  of  nitrogen  in  litter,  by  micro- 
bial immobilization  of  ammonium  and  ni- 
trate, and  by  sedimentation  of  alloch- 
thonous  organic  matter  from  the  adjacent 
river.  This  marsh  imported  inorganic 
nitrogen  during  the  plant  growing  season. 
Unlike  many  southern  marshes,  an  extensive 
litter  layer  persists  all  year  and  may 
retard  nitrogen  export  even  during  the 
winter. 

Most  other  studies  (e.g.,  Axelrad  et 
al.  1976;  Heinle  and  Flemer  1976;  Steven- 
son et  al .  1977;  Adams  1978;  Simpson  et 
al .  1931)  have  concluded  that  tidal  fresh- 
water marshes  are  net  exporters  of  both 
nitrogen  and  phosphorus  on  an  annual 
basis.  This  may  reflect  the  fact  that  all 
of  these  studies  were  done  in  eutrophic  or 
hypereutrophic  locations.  Under  these 
conditions,  the  marsh  sediment-plant  com- 
plex can  become  saturated  with  both  nitro- 
gen and  phosphorus,  at  least  in  the  low 
marsh.  Without  a  permanent  litter  layer 
or  significant  amounts  of  peat,  there  may 


be  no  mechanism  for  excessive  nutrient 
storage  and  the  marsh  functions  as  a  net 
source  of  nutrients.  This  suggests  that 
many  tidal  freshwater  wetlands  probably  do 
not  have  a  great  assimilative  capacity  for 
either  sewage  effluent  or  heavy  metals 
(discussed  in  Chapter  9). 

In  summary,  the  overall  pattern  of 
nutrient  cycling  in  tidal  freshwater 
marshes  appears  to  be  similar  to  the  pat- 
tern hypothesized  for  estuarine  marshes. 
Simply  stated,  oxidized  nitrogen  and  phos- 
phorous compounds  are  processed  within  the 
marsh  and  reduced  compounds  are  released 
back  into  the  river.  In  tidal  freshwater 
marshes  the  spring  influx  of  oxidized  com- 
pounds and  the  autumn  release  of  reduced 
compounds  may  be  more  pronounced  than  in 
estuarine  marshes.  In  addition,  most 
tidal  freshwater  marshes  which  have  been 
studied  appear  to  be  net  exporters  of  both 
nitrogen  and  phosphorus. 


3.4  CARBON  FLUX 

As  in  the  case  with  most  wetland  eco- 
systems, knowledge  of  carbon  flux  in  tidal 
freshwater  marshes  is  incomplete.  Several 
studies  have  addressed  this  topic  (e.g., 
Axelrad  et  al .  1976;  Heinle  and  Flemer 
1976;  Adams  1978),  but  no  more  than  hypo- 
theses can  be  presented  at  this  time. 

Sources  (or  inputs)  of  organic  carbon 
for  the  marsh  include:  (1)  primary  pro- 
duction within  the  marsh,  (2)  dissolved 
and  particulate  carbon  flowing  into  the 
marsh  on  the  rising  tide,  (3)  dissolved 
carbon  in  rainwater,  and  (4)  dissolved 
carbon  in  groundwater.  Outputs  from  the 
marsh  include:  (1)  export  of  dissolved 
and  particulate  carbon  on  the  outgoing 
tide,  (2)  permanent  burial  of  carbon  in 
the  marsh  sediments,  and  (3)  release  of 
methane  and  carbon  dioxide  to  the  atmos- 
phere. The  most  significant  inputs  are 
most  likely  primary  production  in  the 
marsh  and  carbon  imported  on  the  flooding 
tide.  The  latter  probably  includes  con- 
siderable amounts  of  terrestrial  carbon 
brought  from  upstream  in  the  river  water 
(Biggs  and  Flemer  1972).  Significant  out- 
puts are  probably  tidal  export  and  burial. 
Regardless  of  the  net  carbon  flux  (net 
import  or  net  export)  from  an  individual 
marsh,  it  is  important  to  note  that  there 
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is  an  aoproximate  100%  turnover  of  the 
aboveground  biomass  on  an  annual  basis. 

Individual  tidal  freshwater  marshes 
function  as  net  importers  or  exporters  of 
organic  carbon  in  response  to  the  same 
factors  which  control  this  process  in 
estuarine  marshes  (discussed  by  Odum  et 
al.  1978  and  Nixon  1980).  These  factors 
include,  but  are  not  limited  to,  tidal 
range,  basic  geomorphology,  relative 
amount  of  marsh  versus  open  water,  and 
amount  of  freshwater  input  to  the  system. 
Studies  by  Axelrad  et  al .  (1976)  and  Adams 
(1978)  found  significant  export  of  carbon 
from  tidal  freshwater  marshes  on  the  York 
and  James  Rivers  in  Virginia.  In  both 
cases  the  bulk  of  export  appeared  to  be  in 
the  form  of  dissolved  carbon  compounds 
rather  than  particulate  matter.  But 
Heinle  and  Flemer  (197G),  on  the  other 
hand,  found  neither  export  nor  import  in 
poorly  flooded  oligohaline  marshes  on  the 
Patuxent  River  in  Maryland. 

With  only  a  handful  of  studies  corn- 
plated,  it  is  difficult  to  conclude  much 
beyond  the  following  hypotheses.  Tidal 
freshwater  marshes  that  (1)  are  relatively 
young  (see  Section  1.7),  (2)  do  not  have 
an  outer  benn  or  natural  dike,  (3)  have 
significant  iceshearing  of  the  vegetation 
during  the  winter,  and  (4)  have  a  signifi- 
cant tidal  range,  probably  export  signifi- 
cant quantities  of  both  particulate  and 
dissolved  carbon.  Older  marshes  that  are 
more  developed  both  geologically  and  eco- 
logically (i.e.,  have  a  large  area  of  high 
marsh)  probably  do  not  export  significant 
quantities  of  particulate  carbon  (Heinle 
and  Flemer  1976);  they  may,  however, 
export  quantities  of  dissolved  organic 
carbon.  This  last  point  is  far  from  re- 
solved. 

Methanogenesis  is  one  aspect  of  car- 
bon flux  which  deserves  close  study  in 
tidal  freshwater  marshes.  *\s  pointed  out 
by  Swain  (1973),  there  is  a  gradient  of 
methane  loss  in  progressing  from  fresh- 
water to  marine  wetlands.  Under  fresh- 
water conditions,  methanogenesis  is  an 
important  pathway  of  anaerobic  decomposi- 
tion; under  marine  conditions  it  is  rela- 
tively minor  because  sulfate  reduction 
replaces  methanogenesis.  Since  S0„  is  not 
typically  abundant  in  freshwater,  this 
means  that  methane  release  from  freshwater 


environments  should  be  much  higher  than 
from  seawater  environments.  There  is 
considerable  evidence  to  support  this 
hypothesis  (Robert  Harriss,  NASA,  Hampton, 
Virginia;  pers.  comm.),  although  King  and 
Wiebe  (1973)  reported  relatively  high 
methane  release  rates  from  Georgia  coastal 
salt  marshes. 

Following  current  theories,  tidal 
freshwater  marshes  should  release  signifi- 
cant amounts  of  methane.  This  can  occur 
through  (1)  direct  release  to  the  atmos- 
phere from  the  marsh  surface,  (2)  release 
from  plants  such  as  cattails  (Sebacher  and 
Harriss,  in  press),  or  (3)  release  from 
dissolved  methane  in  creek  water  (Harriss 
et  al.  1982).  Lipschultz  (1981)  measured 
the  release  of  methane  from  a  tidal  fresh- 
water marsh  dominated  by  Hibiscus 
moscheutos.  He  estimated  an  annual  loss 
of  10.7  g  CH<,/m2/yr,  a  value  more  similar 
to  freshwater  conditions  than  marine.  On 
the  other  hand,  this  loss  was  less  than  1% 
of  annual  net  primary  production  in  this 
marsh  and,  therefore,  appears  unimportant. 
Robert  Harriss  (pers.  comm.)  suggested, 
based  on  preliminary  measurements,  that 
rates  of  methane  release  from  tidal  fresh- 
water may  be  much  higher  than  indicated  by 
Lipschultz's  (1981)  estimate.  More  work 
is  needed  in  this  area. 


3.5  ENERGY  FLOW 

Any  attempt  to  describe  energy  flow 
in  tidal  freshwater  marshes  will  be  specu- 
lative since  no  complete  study  exists  for 
this  habitat.  We  can,  however,  present  a 
hypothetical  model  based  on  a  few  partial 
studies  and  our  experience  in  the  field. 

Our  hypothetical  model  (Figure  20)  is 
based  on  functional  groups.  In  some  cases 
these  represent  a  single  group  (i.e.,  ju- 
venile fishes)  while  others,  such  as  ben- 
thic  fauna,  may  include  many  taxa.  Sever- 
al preliminary  but  important  observations 
can  be  derived  from  this  model. 

(1)  There  appear  to  be  three  principal 
sources  of  energy  to  support  food  webs-- 
rnarsh  macrophytes,  terrestrial  organic 
material,  and  phytoplankton.  Benthic 
microflora  within  the  marsh  may  be  of  some 
importance,  but  there  is  presently  no 
information  to  confirm  this.  The  relative 


47 


MARSH  VEGETATION 
(macrophytes) 


TERRESTRIAL  CARBON 


PHYTOPLANKTON 


MARSH 

INSECTS 

(several  trophic 

levels) 


ZOOPLANKTON 


BIRDS 


JUVENILE  FISHES 


LARGER  FISHES 

(at  least  two  levels 

of  carnivores) 


Figure  20.  Hypothetical  pathways  of  energy  flow  in  a  tidal  freshwater  marsh  ecosystem. 
Not  all  possible  pathways  have  been  drawn.  For  example,  benthic  microflora  in  the 
marsh  may  provide  carbon  for  consumers;  however,  evidence  is  lacking  at  this  time. 


importance  of  the  three  major  sources  of 
energy  is  unknown.  We  suspect  that  marsh 
plant  detritus  and  associated  micro- 
organisms are  most  important  in  well- 
flushed  marsh  systems,  that  terrestrial 
material  is  of  importance  where  large 
river  systems  bring  quantities  of  organic 
carbon  from  upstream  sources,  and  that 
phytoplankton  plays  a  key  role  in  certain 
situations  (see  number  3  below). 

(2)  In  general,  we  susoect  that  tidal 
freshwater  wetlands  are  primarily 
detritus-based  ecosystems,  although  this 
is  unproven.  Dunn  (1973)  showed  that  a 
number  of  benthic  invertebrates  will 
readily  consume  vascular  plant  detritus 
from  tidal  freshwater  marshes  (Figure  21). 
Large  quantities  of  particulate  and  dis- 
solved carbon  are  flushed  out  of  these 
marshes  and  also  from  upstream  sources 
(see  Section  3.4).  At  certain  times  of 
the  year  (late  summer,  autumn,  winter), 
large  quantities  of  particulate  detritus 
are  present  on  the  marsh  surface  and  on 
the  bottom  of  the  marsh  creeks  (personal 
observations).  The  relative  importance  of 


dissolved  versus  particulate  detritus  is 
totally  unknown  at  this  time.  Water 
draining  tidal  -freshwater  marshes  typical- 
ly contains  5  to  10  times  as  much  dis- 
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solved  carbon  as  particulate  carbon. 
There  are,  however,  significant  quantities 
of  particulate  material  available  for  the 
benthos.  Associated  with  this  particulate 
material  are  large  numbers  of  bacteria  and 
fungi  (Marsh  and  Odum  1979),  suggesting 
that  it  has  an  enhanced  food  value. 

(3)  The  food  chain  consisting  of  phyto- 
plankton/detri tus-zooplankton-larval  and 
juvenile  fishes  is  of  considerable 
interest  and  importance  to  man  because  of 
the  commercial  fisheries  involved.  The 
data  of  Van  Engel  and  Joseph  (1963)  in  the 
York  and  Pamunkey  Rivers  documented  the 
key  role  of  zooplankton  as  a  dietary  com- 
ponent for  a  wide  variety  of  larval,  post- 
larval,  and  juvenile  fishes,  many  of  com- 
mercial importance.  They  found  that  the 
most  common  zooplankters  in  fish  stomachs 
were  the  mysid,  Neomysis  americana;  the 
copepods,  Acartia  tonsa  and  Eurytemora 
af finis;  four  orTive  species  of  cladocer- 
ans;  and  several  species  of  amphinods. 
These  zooplankters,  in  turn,  have  been 
shown  to  ingest  both  phytoplankton  and 
organic  detritus  (Heinle  et  al.  1977). 

(4)  Within  the  marsh  system  (marsh  sur- 
face, small  marsh  creeks),  terrestrial  and 
aquatic  insects  along  with  the  benthic 
fauna  appear  to  be  important  in  the  diets 
of  omnivorous  fishes.  Van  Fngel  and 
Joseph  (1960)  found  the  crab  Rhi thropano- 
peus  harissi  i  and  the  shrimps  Crangon 
septemspinosa  and  Palaemonetes  pugio  to  be 
important  components  oT  the  diets  of  a 
variety  of  fishes.  Dias  et  al .  (1978) 
emphasized  the  importance  of  the  aquatic 
larvae  of  terrestrial  insects  as  a  food 


source  for  tidal  freshwater  fishes,  while 
Diaz  and  Boesch  (1977)  mentioned  the  sig- 
nificant contribution  of  benthic  fauna 
(ol igochaetes,  chironomid  larvae,  the 
Asiatic  clam)  in  the  diets  of  benthic 
feeding  fishes  such  as  catfish,  striped 
bass,  carp,  perch,  eel,  and  cyprinodont 
minnows  (see  Chapter  5  for  more  on  this 
subject) . 

5)  Direct  usage  of  marsh  plant  material 
.leaves,  seeds)  appears  considerably 
important  in  tidal  freshwater  marsh  sys- 
tems, in  fact,  probably  more  important 
than  in  salt  marshes.  Muskrats,  beaver 
(during  the  summer),  and  nutria  consume 
quantities  of  fresh  plant  material  (see 
Chapter  3);  other  mammals  including  white- 
tail  deer  ingest  smaller  quantities  (per- 
sonal observation).  Birds  utilize  the 
seed  production  of  tidal  freshwater 
marshes  extensively  in  the  late  summer, 
fall,  and  early  winter  (see  Chapter  7). 
Insects  graze  certain  marshplants  heavily 
(i.e.,  Hibiscus)  while  other  plants  such 
as  Phragmi  tes  are  scarcely  touched. 

In  sumnary,  our  knowledge  of  energy 
flow  in  tidal  freshwater  wetlands  is 
almost  totally  speculative.  We  hypothe- 
size that  foodwebs  are  generally 
detritus-based  with  a  variety  of  omni- 
vorous benthic  fauna  serving  as  the  inter- 
mediary link  to  fishes.  Zooplankton  ap- 
parently play  a  key  role  in  supporting 
larval  and  juvenile  fishes.  Direct 
grazing  and  seed  consumption  by  mammals, 
birds,  and  insects  are  probably  more  sig- 
nificant than  in  higher  salinity  estuarine 
marshes  farther  downstream. 
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CHAPTER  4.   COMMUNITY  COMPONENTS:    INVERTEBRATES 


4.1     ZOOPLANKTON 

The  zooplankton  community  of  tidal 
freshwater  is  dominated  by  a  combination 
of  freshwater  rotifers  and  cladocerans 
along  with  estuarine  copepods.  Typical 
examples  of  the  different  phyla  are  shown 
in  Table  9.  Although  the  numbers  of 
species  represented  are  far  less  than 
further  downstream,  there  is  some  evidence 
that  total  numbers  (density)  of  zooplank- 
ton in  tidal  freshwater  are  significantly 
greater  than  in  contiguous  nontidal  fresh- 
water or  estuarine  water  (Van  Engel  and 
Joseph   1968). 

At  any  particular  location  the  plank- 
ton may  be  dominated  by  rotifers,  clado- 
cerans, or  copepods  depending  upon  the 
season.  Lippson  et  al .  (1979)  reported 
typical  concentrations  of  zooplankton  from 
the  tidal  freshwater  section  of  the 
Potomac  River  as:  (a)  rotifers  (80 
species),  5,000  to  20,000/m3  with  a  peak 
in  spring  and  summer;  (b)  cladocerans 
(approximately  8  species),  5,000  to 
100,000/m3  with  peaks  in  spring  and  fall; 
and  (c)  copepods  (approximately  9 
species),  1,000  to  over  100,000/m3  with  a 
characteristic  late  summer  peak.  In  the 
York  River,  Van  Engel  and  Joseph  (1968) 
found  the  dominant  zooplankton  in  terms  of 
volume  to  be  the  mysid,  Neomysis  ameri- 
cana,  the  copepods,  Eurytemora  affinis  and 
Acartia  tonsa,  several  species  of  amphi- 
pods,  and  a  number  of  species  of 
cl  adocerans. 

The  zooplankton  in  tidal  freshwater 
provide  an  important  food  source  for  the 
larvae  and  postlarvae  of  anadromous  fishes 
such  as  striped  bass  and  shad.  There  is 
some  evidence  that  the  copepods  derive  a 
significant  portion  of  their  diet  from 
particulate  plant  detritus  (Heinle  and 
Felemer    1976).      It    has    been    hypothesized 


that  the  amount  of  particulate  detritus 
available  in  the  early  spring  controls 
zooplankton  production  and  that  this,  in 
turn,  may  influence  year  class  strength  in 
fishes  such  as  white  perch  and  striped 
bass  (Joseph  Mihursky,  Chesapeake  Biologi- 
cal Laboratory,  Solomons,  Maryland;  oers. 
comm.) . 

Based  on  limited  data  of  our  own,  it 
appears  that  the  mysid,  Neomysis  ameri- 
cana,  and  several  species  of  amphipods 
provide  the  greatest  biomass  of  food  for 
larval  and  juvenile  fishes  in  tidal  fresh- 
water. The  two  species  of  copepods,  the 
cladocerans,  and  the  rotifers  apparently 
are  the  most  important  food  sources  for 
recently  hatched  larvae  and  postlarvae  (Ed 
Houde,  Chesapeake  Biological  Laboratory, 
Solomons,   Maryland;   pers.   comm.). 


4.2     BENTHIC   INVERTEBRATES 

Comprehensive  documentation  of  the 
benthos  in  tidal  freshwater  is  scarce.  An 
early  study  of  the  Hudson  River,  New  York 
(Townes  1937),  characterized  the  benthos 
of  tidal  freshwater  as  composed  of  fresh- 
water snails,  oligochaetes  (Limnodrilus 
spp.),  chironomids,  and  the  amphipod, 
Gammarus  fasciatus.  This  amphipod  seems 
to  be  characteristic  of  many  tidal  fresh- 
water locations.  Dunn  (1978)  found  it  to 
be  abundant  in  plant  and  algal  mats  in 
Virginia  while  Calder  et  al  .  (1977)  men- 
tion it  as  common  in  South  Carolina  fresh- 
water tidal   marshes. 

Studies  of  southern  tidal  freshwater 
benthos  are  relatively  rare.  Dorjes 
(1977),  quoted  in  Sandifer  et  al .  (1980), 
found  the  dominant  macrobenthic  inverte- 
brates in  the  tidal  freshwater  areas  of 
the  Ogeechee  estuary,  Georgia,  to  be  the 
amphipod,    Lepidactylus    dytiscus,    and    the 
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polychaete,  Scolecolepides  vi  ridus.  In 
South  Carolina,  Calder  et  al .  (1977)  found 
these  two  species  to  compose  60%  by  number 
of  the  macrobenthos  from  tidal  freshwater 
stretches  of  the  South  Edisto  River. 

One  of  the  most  complete  studies  of 
tidal  freshwater  benthos  is  that  of  Diaz 
(Diaz  and  Boesch  1974;  Diaz  1977;  Diaz  et 
al .  1978).  His  studies  concentrated  on 
the  tidal  James  River,  a  typical,  although 
highly  eutrophic,  tidal  freshwater  river 
in  Virginia.  The  marsh  macrobenthos  was 
dominated  qualitatively  and  quantitatively 
by  tubificid  oligochaetes  and  larval 
chironomid  insects.  Oligochaetes  were 
most  abundant  and  chironomids  were  most 
diverse.  Dominant  species  included  a 
chironomid,  Chi  rjnomus  tanypus,  and  an 
oligochaete,  Limnodrilus  spp.  Si  so  highly 
abundant  was  the  introduced  Asiatic  clam, 
Corbicul  a  fluminea  (formerly  C_.  mani  len- 
sis)  which  is  discussed  below. 

These  studies  also  showed  that  the 
number  of  benthic  macrofauna  species  in 
tidal  freshwater  is  considerably  lower  (69 
according  to  Koss  et  al .  1974;  49  accord- 
ing to  Diaz  1977)  than  further  upstream  in 
nontidal  freshwater  (between  150  and  200 
species  according  to  Kirk  1974).  This 
relatively  simple  community  structure  in 
tidal  freshwater  was  attributed  to  a  lack 
of  diverse  habitats;  the  most  available 
habitat  was  a  silty  mud  bottom  (Diaz  and 
Boesch  1977).  Diaz  (1977)  likened  tidal 
freshwater  benthic  communities  to  those 
found  in  large  lakes,  such  as  the  Great 
Lakes,  or  the  profundal  zone  of  smaller 
lakes,  polluted  harbors,  or  the  vicinity 
of  river  mouths.  Furthermore,  he  con- 
cluded that  there  is  no  species  of  benthic 
animal  which  is  specialized  for  exclusive 
existence  in  tidal  freshwater.  Most 
species  which  are  present  appear  to  be 
eurytopic  (wide  range  of  tolerance)  with 
few  species  exhibiting  qualitative 
preference  for  a  particular  substrate 
type. 

Diaz  et  al.  (1978)  found  the  macro- 
benthic  diversity  (H1)  in  the  James  tidal 
freshwater  marshes  to  be  relatively  low, 
ranging  from  2.0  to  2.2.  Mean  densities 
were  1300-4000/m2 ;  85%  to  97%  lived  in  the 
top  10  an  of  marsh  sediment.  Annual  pro- 
duction was  estimated  (in  dry  g/m2/yr)  as 
4  g  to  7  g  of  oligochaetes,  less  than  1  g 


of  chironomids,  approximately  1  g  of  nema- 
todes (the  major  component  of  the  micro- 
benthos),  and  1  g  to  2  g  of  the  Asiatic 
clam. 

The  Asiatic  clam,  introduced  earlier 
in  the  century,  is  well  established 
throughout  tidal  freshwater  environments 
in  the  Southeastern  States  (Sandifer  et 
al.  1980).  It  entered  the  southern  tribu- 
taries of  Chesapeake  Bay  about  1968  (Diaz 
1977)  and  has  since  spread  northward  at 
least  as  far  as  the  Potomac  River  where  it 
was  established  by  1975  and  now  reaches 
densities  as  great  as  665/m°  (Dresler  and 
Cory  1980).  Diaz  and  Boesch  (1977)  have 
noted  that  the  ease  with  which  the  Asiatic 
clam  has  populated  tidal  freshwater  may  be 
a  clue  to  the  extent  to  which  benthic  com- 
munities are  structured  by  physical  rather 
than  biological  processes  in  this  environ- 
ment. Presumably,  if  interspecific  compe- 
tition and  competitive  exclusion  were  in- 
tense, the  spread  and  proliferation  of  the 
Asiatic  clam  would  not  have  been  as 
dramatic. 

Penaeid  shrimp  do  not  appear  to  occur 
in  tidal  freshwater  habitats  in  high  den- 
sities, althouqh  they  are  very  common  at 
slightly  higher  salinities  (personal 
observation).  However,  the  caridean 
shrimp,  particularly  Palaemonetes  pugio, 
has  been  reported  commonly  in  tidal  fresh- 
water from  Georgia  (Sandifer  et  al .  1980) 
to  Virginia  (personal  observation).  In 
South  Carolina  and  Georgia,  the  freshwater 
shrimp,  Macrobrachium  ohione  and  M.  acan- 
thurus  are  common  in  tidal  freshwater 
(Sandifer  et  al.  1980). 

A  general  and  preliminary  list  of 
representative  benthic  macrofauna  from 
tidal  freshwater  marsh  systems  is  shown  in 
Table  10.  It  is  orobable  that  certain 
groups  such  as  crayfish  and  amphipods  are 
even  more  important  than  indicated  but 
have  been  poorly  sampled  in  past  studies. 
In  addition,  more  mobile  estuarine  organ- 
isms are  known  to  stray  in  fair  numbers 
(personal  observations)  into  tidal  fresh- 
water (e.g.,  the  blue  crab,  Call inectes 
sapidus,  the  mud  crab,  phithropanopeus 
harissi  i ,  the  caridean  shrimD,  Palaemone- 
tes pugio,  and,  in  the  southern  part  of 
its  range,  the  brackish  water  fiddler 
crab,  Uca  minax).  Except  for  the  work  of 
Diaz,  our  knowledge  of  the  tidal  fresh- 
water macrobenthos  is  very  preliminary. 
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Table  10.  Representative  benthic  macro- 
fauna  from  mid-Atlantic  tidal  freshwater 
environments.  Data  from  Lippson  et  al . 
(1979)  for  the  Potomac  River,  Grant  and 
Partick  (1970)  for  the  Delaware  River,  and 
Diaz  (1977)  and  Diaz  and  Boesch  (1977)  for 
the  James  River. 

Sponges 

Sponqilla  lacustris  and  other  species 

Hydra 

Hydra  americana 
Protohydra  spp. 

Bryozoans 

Barentsia  qracilus 
Lophopodella  sp. 
Pectinatel la  maqni  tica 

Leeches 

Families  Glossiphoni idae,   Piscicolidae 
Oligochaetes 

Families  Tubificidae,  Naididae 

Insects 

Dipteran  larvae  (especially  family  Chironomidae) 
Larvae  of  Ephemeroptera,   Odonata,   Trichoptera, 
and  Coleoptera 

Amphipods 


A      SALINITY 


Hyallela  azteca 

Gamma rus  fasciatus 

Lepidactylus  dytiTcus  (southeastern  States) 


Crustaceans 


Crayfish 

Blue  crab,  Callinectes  sapidus 

Caridean  shrimp,  Palaemonetes  paladosus 


Mollusks 


Fingernail    clam,   Pisidium  spp. 

Asiatic  clam,   Corbicula  fluminea  (formerly  C_.  manilensis) 

Brackishwater  clam,   Ranqia  cuneata 

Pulmonate  snails  (at  least  six  families) 
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Figure  22.  Seaward  change  in  (a)  salin- 
ity, (b)  species  composition,  and  (c)  to- 
tal numbers  of  microfauna  of  the  marshes 
along  the  Rappahannock  Estuary,  Virginia. 
From  Ellison  and  Nichols  (1976). 


strictus,  Difflugia  constricta,  and  D. 
pyriformis.  Density  often  reaches 
2,000/20  ml  of  sediment.  Just  downstream, 
in  the  oligohaline  zone  of  the  estuary, 
the  thecamoebinids  disappear  and  are 
replaced  by  the  Ammoastuta  fauna.  This  is 
a  group  of  foraminifera  dominated  by 
Ammoastuta  salsa  and  including  Astrammina 
rara  and  Mil iammina  earlandi .  Different 
groups  of  forams  predominate  at  locations 
further  downstream  in  the  estuary  at 
higher  salinities  (Ellison  and  Nichols 
1976). 


The  microbenthos  in  tidal  freshwater 
is  more  thoroughly  documented  than  the 
macrobenthos  thanks  to  the  work  of  Robert 
Ellison  and  Maynard  Nichols  (summarized  in 
Ellison  and  Nichols  1976).  They  have 
described  a  sharp  demarcation  in  the  dis- 
tribution of  the  microbenthos  which  occurs 
at  the  border  between  tidal  freshwater  and 
estuarine  conditions  (Figure  22).  In  the 
tidal  freshwater  marshes  the  dominant 
group  is  the  thecamoebinids  (a  group  of 
amoeba  with  theca  or  tests);  the  foramini- 
fera, common  in  estuarine  salinities,  are 
absent.  Dominant  species  of  thecamoe- 
binids are  Centropyxis  arenata,  C_.  con- 


The  demarcation  between  thecamoe- 
binids and  forams  provides  a  convenient 
geological  and  ecological  indicator  of  the 
extent  of  tidal  freshwater  wetlands  in  the 
recent  geological  record.  Using  the 
occurrence  of  these  organisms  in  marsh 
cores,  Ellison  and  Nichols  (1976)  con- 
cluded that  the  tidal  freshwater  environ- 
ment moved  downstream  in  the  James  River 
basin  during  the  most  recent  period  of 
relative  sea  level  stability  (past  6000 
years)  perhaps  due  to  sediment  deposition 
and  marsh  building  throughout  the  estuary. 
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4.3  MARSH  PLANT  INSECT  COMMUNITY 

Published  information  dealing  with 
the  insect  community  associated  with  vas- 
cular plants  of  tidal  freshwater  is  very 
inadequate.  One  exception  is  the  study  of 
Simpson  et  al.  (1979)  that  describes  the 
insects  associated  with  three  plants: 
bunnarigold,  arrow-arum,  and  jewelweed. 
In  general,  they  found  both  low  densities 
of  insects  and  low  species  diversity. 
Insects  from  32  families  and  6  orders  were 
collected;  only  11  families  were  found  on 
all  three  species  of  plants.  The  Coc- 
cinellidae  (ladybird  beetles)  were  the 
most  ubiquitous.  Other  common  families 
were  the  Curcul ionidae  (snout  beetles), 
the  Lampyridae  (fireflies),  the  Lagnuridae 
(lizard  beetles),  the  dipteran  family 
Dol ichopodidae  (long-legged  flies),  the 
Otitidae  (picture-winged  flies),  the 
Syrphidae  (flower  flies),  the  Tachinidae 
(deer  and  horse  flies),  the  hemipteran 
Anthocoridae  (minute  pirate  bugs),  and  the 
homopterans  Aphidae  (plantlice)  and  Cica- 
dellidae  (leafhoppers) .  Additional 
families  were  found  only  on  specific 
plants. 


Simpson  et  al .  (1979)  found  little 
evidence  of  herbivorous  insects  or  of 
herbivory  in  general  and  concluded  that 
tidal  freshwater  marshes,  like  coastal 
Spartina  marshes,  are  only  lightly  grazed. 
Cahoon  (1932),  on  the  other  hand,  found 
grazing  rates  on  Hibiscus  to  be  as  high  as 
20%  to  30%  in  certain  locations  in 
Maryland  tidal  freshwater  marshes.  We 
have  recorded  grazing  rates  on  a  mixture 
of  tidal  freshwater  marsh  plants  as  high 
as  12%  to  15%  in  discrete  patches  of 
marsh,  but  less  than  10%  for  the  marsh  as 
a  whole  (unpublished  data).  At  this  time, 
with  little  data  in  hand,  we  must  agree 
with  Simpson  et  al.  (1979)  that  grazing 
rates  by  insects  on  most  plants  in  tidal 
freshwater  are  low,  Hibiscus  excepted. 

Although  direct  grazing  rates  may  be 
low,  it  should  be  emphasized  that  insects 
apparently  play  an  important  role  in 
energy  flow  in  the  tidal  freshwater  marsh 
system  (see  Section  3.5).  In  particular, 
the  aquatic  larvae  of  terrestrial  insects 
appear  to  be  an  important  food  source  for 
the  postlarvae  and  juvenile  fishes  which 
utilize  this  habitat  as  a  nursery  area 
(see  Chapter  5). 
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CHAPTER  5.    COMMUNITY  COMPONENTS:    FISHES 


5.1  INTRODUCTION 

The  tidal  freshwater  portion  of 
Atlantic  coast  estuaries  is  a  transitional 
zone  between  a  typically  freshwater  fish 
fauna  found  above  tidal  influence  and 
fauna  characteristic  of  the  oligohaline 
portion  of  the  estuary.  No  fish  species 
is  known  to  be  restricted  to  the  tidal 
freshwater  habitat.  Instead,  the  fish 
community  of  tidal  freshwater  (summarized 
in  Appendix  B)  is  a  complex  and  seasonally 
variable  mixture  of  freshwater  forms 
tolerant  of  low  salinity  conditions,  typi- 
cal estuarine  residents,  anadromous  fishes 
on  spawning  runs  and  their  juveniles, 
juvenile  marine  fish  using  the  area  as  a 
nursery  ground,  and  adult  marine  fish  best 
considered  seasonal  transients  (Figure 
23). 

Because  the  unconsolidated  sediments 
and  dense  vegetation  make  sampling  within 
the  marsh  difficult,  most  of  our  informa- 
tion on  fishes  of  the  tidal  freshwater 
reaches  of  the  estuary  comes  from  trawl 
surveys  in  the  main  channels  and  beach 
seining  in  unvegetated  shallows.  As  a 
result,  much  of  the  following  discussion 
concerns  the  fishes  of  tidal  freshwaters 
in  general  and  is  not  restricted  to  those 
fishes  that  use  the  marsh  directly.  Where 
direct  use  has  been  observed,  this  dis- 
tinction is  made. 
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Figure  23.  Distributions  of  different 
types  of  fishes  by  salinity  zones.  Modi- 
fied from  Lippson  et  al .  (1979). 


5.2  THE  FAUNA:   AFFINITIES  AND  NATURAL 
HISTORY  OF  IMPORTANT  SPECIES 

Freshwater  Fishes 

In  tidal  freshwaters,  fish  of  fresh- 
water affinity  are  particularly  common. 
In  fact,  up  to  a  salinity  of  approximately 
3.5  ppt,  freshwater  fish  often  outnumber 
estuarine,  anadromous,  and  marine  species 
combined  (Keup  and  Bayliss  1954).  Soecies 
of  freshwater  fish  found  in  tidal  fresh- 
waters generally  occupy  lentic  (slow- 
flowing)  habitats,  such  as  lakes,  ponds, 
and  river  backwaters,  in  nontidal  fresh- 
waters. In  tidal  freshwaters,  freshwater 
forms  are  more  often  associated  with  shal- 
lows and  vegetation  than  with  deeper 
channels.  Freshwater  species  characteris- 
tic of  lotic  habitats  with  fast  flowing 
water  and  gravel  substracts  rarely  extend 
their  range  into  tidal  freshwaters 
(Lippson  et  al .  1979). 

The  three  families  with  the  most 
species  and  individuals  in  tidal  fresh- 
water are  the  cyprinids  (minnows,  shiners, 
carps),  centrarchids  (sunfishes,  crappies, 
bass),  and  ictalurids  (catfishes).  While 
a  relatively  large  proportion  of  the  cat- 
fish and  sunfish  populations  in  a  given 
geographic  area  extends  into  tidal  fresh- 
water habitats,  this  is  not  the  case  for 
the  minnows.  As  a  group,  minnows  are  much 
more  common  above  the  Fall  Line  in  non- 
tidal  habitats. 

Minnows  are  small,  often  school  inq 
species,  most  abundant  in  the  shore  zone. 
Of  this  group,  the  soottail  shiner,  sil- 
very minnow,  satinfin  shiner,  and  golden 
shiner  are  the  most  common.  Many  of  the 
other  smaller  members  of  this  group  listed 
in  Appendix  B  are  best  considered  strays 
in  tidal  freshwaters  because  their  occur- 
rence there  is  sporadic.  As  a  group  the 
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minnows  occupy  midwater  and  benthic  habi- 
tats. The  carp  and  goldfish  have  been 
introduced  widely  from  Asia  and  may  be 
locally  common  in  tidal  freshwaters.  Both 
species  have  broad  niches;  they  are  omniv- 
orous in  feeding  habits  and  have  wide 
tolerances  for  variations  in  dissolved 
oxygen,  turbidity,  and  salinitv. 

As  a  group  the  sunfishes  are  most 
common  in  shallow,  still  waters  containing 
some  cover.  The  smaller  members  of  the 
family  in  the  genera  Enneacanthus  and 
Elassoma  are  invariably  associated  with 
vegetation  and  are  most  abundant  in  tidal 
and  nontidal  swamps  (Wang  and  Kernehan 
1979,  Lee  et  al .  1980).  The  bluegill  and 
largemouth  bass  are  common  in  tidal  fresh- 
waters  throughout  the  mid-  and  southeast 
Atlantic  regions.  The  pumpkinseed  is  more 
common  in  the  mid-Atlantic,  while  the  red- 
breast and  redear  sunfishes,  warmouth,  and 
black  crappie  reach  peak  abundance  in 
tidal  freshwaters  in  the  southeast. 
Juveniles  of  all  these  species  are  most 
abundant  in  the  shallows,  and  larger 
fishes  are  found  in  deeper  water.  All  but 
the  smallest  sunfishes  are  important  to 
sports  fishermen.  As  a  result  of  their 
recreational  value,  many  species  have  been 
introduced  to  areas  outside  their  native 
range  (see  Appendix  B). 

Catfishes  are  bottom  oriented  and 
well  adapted  to  feeding  in  turbid  waters 
which  often  occur  in  tidal  freshwater 
habitats.  Here  they  locate  their  prey 
primarily  by  nonvisual  means  (i.e.,  by 
tactile  and  olfactory  stimuli).  They  also 
tolerate  conditions  of  low  dissolved  oxy- 
gen. Of  the  larger  members  of  the  genus 
Ictalurus,  the  white  catfish,  channel  cat- 
fish, brown  bullhead,  and  yellow  bullhead 
are  common.  The  smaller  members  of  the 
genus  Noturus  are  known  as  madtoms  and  are 
more  abundant  in  nontidal  freshwaters. 
Only  the  tadpole  mad  torn  is  common  in  tidal 
freshwaters. 

A  number  of  other  species  of  fresh- 
water fish  are  resident  in  tidal  fresh- 
waters and  are  important  there  either 
because  of  their  numerical  abundance  or 
their  role  as  predators.  Of  the  smaller 
species,  the  mosquitof ish  is  particularly 
abundant  along  creek  edges,  in  backwaters, 
and  on  the  marsh  surface.  One  or  more  of 
the  darters  and  suckers  are   often  common. 


The  darters  reside  in  the  shallows,  the 
suckers  in  slightly  deeper  water.  The 
pirate  perch  is  locally  common  in  the 
upper  tidal  freshwater  habitat,  particu- 
larly where  the  marsh  and  swamp  are  in 
close  proximity.  Gars,  pickerels,  and 
bowfin  are  resident  predators  whose  abun- 
dance and  activities  probably  affect  the 
population  structure  of  the  smaller  fish 
species  using  the  tidal  freshwater 
habitat. 

Estuarine  Fishes 

The  estuarine  component  of  the  tidal 
freshwater  fish  assemblage  is  composed  of 
resident  soecies  that  complete  their 
entire  life  cycle  in  the  estuary.  These 
species  are  generally  most  abundant  in 
lower,  more  saline  portions  of  the  estu- 
ary, but  several  extend  their  ranges  into 
tidal  freshwaters. 

The  cyprinodontids  or  killifishes  are 
very  abundant  in  tidal  freshwater  marshes 
where  they  occur  in  schools  in  the  shal- 
lows and  on  the  marsh  surface  at  high 
tide.  At  low  tide  these  small  fishes  con- 
gregate along  marsh  edges  and  also  on  the 
marsh  surface  in  rivulets  and  tide  dooIs. 
The  two  most  common  species  in  tidal 
freshwaters  are  the  banded  kill  if ish  an^ 
the  mummichog  (Raney  and  Massmann  1953; 
Hastings  and  Good  1977;  Virqinia  Institute 
of  Marine  Science  1978;  Liposon  et  al . 
1979).  These  two  species  feed  opportunis- 
tically, taking  food  items  in  proportion 
to  their  relative  abundance  in  the  envi- 
ronment (3aker-Dittus  1973;  Virginia 
Institute  of  Marine  Science  1978).  Their 
diets  are  very  similar  and  they  sometimes 
even  feed  in  mixed  schools  (Baker-Hi ttus 
1978).  While  their  niches  appear  broadlv 
overlapping,  the  two  species  may  reach 
peak  abundance  in  different  habitat 
patches.  Hastings  and  Good  (1977)  sug- 
gested that  the  mummichog  shows  a  prefer- 
ence for  muddy  substrate  and  the  handed 
killifish  for  sandy  areas.  Killifishes 
are  often  used  as  bait  bv  snorts  fishermen 
and  are  important  forage  fishes  for  numer- 
ous larger  fishes  which  are  of  commercial 
or  sport  importance.  Killifishes  are  also 
an  important  food  item  for  most  soecies  of 
wading  birds  (see  Chapter  7). 

The  bay  anchovy  and  tidewater  silver- 
side,  small  pelagic  schooling  fishes,  are 
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important  forage  species  for  larger  fishes 
of  recreational  or  commercial  interest. 
The  tidewater  silverside  is  most  abundant 
spring  through  fall  and  is  often  more 
abundant  in  tidal  freshwaters  where  it  may 
breed  than  in  salt  water  (Raney  and 
Massmann  1953;  Virginia  Institute  of 
Marine  Science  1978;  Lippson  et  al .  1979). 
Bay  anchovy  juveniles  and  adults  enter 
tidal  freshwater  in  spring  to  feed.  In 
late  spring  adults  return  downstream  to 
spawn  in  areas  of  >10  ppt  salinity.  Newly 
hatched  larvae  move  upstream  to  oligoha- 
line  and  tidal  freshwater  nursery  areas  in 
summer  (Dovel  1971,  1981).  Most  anchovies 
return  to  the  lower  estuary  to  overwinter 
(Lippson  et  al .  1979;  Dovel  1981). 

Hogchokers  and  naked  gobies  are 
bottom-oriented  estuarine  residents  whose 
young  use  tidal  freshwater  and  oligohaline 
nursery  grounds.  Spawned  in  mesohaline 
portions  of  the  estuary  in  midsummer, 
young  of  both  species  are  transported 
upstream  in  the  salt  wedge  to  the  upper 
estuary  where  they  are  common  in  the  shal- 
lows through  autumn.  The  species  differ 
in  their  use  of  this  habitat  in  cold 
weather.  Hogchoker  adults  and  juveniles 
may  overwinter  here,  while  naked  gobies 
return  downstream  to  adult  habitat  in  the 
middle  and  lower  estuary  (Van  Engel  and 
Joseph  1968;  Dovel  et  al .  1969;  Lippson 
et  al.  1979). 

Anadromous  Fishes 

Anadromous  fishes  are  those  which 
ascend  from  an  oceanic  habitat  to  fresh- 
water to  spawn.  Like  the  anadromous 
fishes,  semianadromous  forms  ascend  to 
freshwaters  to  spawn,  but  spend  most  or 
all  of  their  lives  within  the  estuary 
rather  than  the  ocean.  Many  of  these 
fishes  are  of  considerable  commercial 
importance  in  Atlantic  coast  estuaries. 
Characteristics  of  these  fishes  are  sum- 
marized in  Table  11. 

Of  the  anadromous  fishes,  the 
clupeids  (herrings  and  shad)  are  of  major 
commercial  importance.  These  fishes  are 
captured  on  the  upstream  spawning  runs  in 
gill  nets  operated  in  tidal  fresh  and 
brackish  waters.  Except  for  hickory  shad, 
the  peak  abundance  of  young  of  these 
species  is  in  tidal  freshwaters.  In  this 
nursery  area,  the  juveniles  feed  heavily 


on  small  invertebrates  before  migrating  to 
the  lower  estuary  or  out  to  sea  by  late 
fall  or  early  winter.  While  in  the  nurs- 
ery area,  these  juveniles  are  important 
forage  fishes  for  striped  bass,  white 
perch,  catfishes,  and  others.  Consider- 
able research  on  the  biology  of  the  anad- 
romous clupeids  has  been  conducted  by  the 
various  state  agencies  responsible  for 
fisheries  management  and  is  summarized  in 
their  progress  reports  (Adams  1970;  Sholar 
1975;  Loesch  and  Kriete  1976;  Hawkins 
1980;  Curtis  1981;  Loesch  et  al . , 
undated) . 

The  two  species  of  sturgeons,  once 
important  commercially  in  east  coast  estu- 
aries, were  badly  overfished  and  their 
numbers  decimated  by  the  turn  of  the  cen- 
tury (Reiger  1977).  In  addition  to 
declines  due  to  overexploitation,  small 
sturgeons  of  no  economic  value  were  pur- 
posely destroyed  when  they  became 
entangled  in  and  damaged  the  gill  nets  of 
herring  and  shad  fishermen  (Ryder  1890; 
Brundage  and  Meadows  1982).  The  shortnose 
sturgeon,  probably  never  common,  is  now 
designated  an  endangered  species,  and  the 
Atlantic  sturgeon  is  relatively  rare 
(Ryder  1890;  Bigelow  and  Schroeder  1953; 
Reiger  1977).  Because  sturgeons  are  rare, 
relatively  little  is  known  of  their 
specific  habitat  preferences  for  soawning 
and  nursery  areas.  Both  species  of  stur- 
geons spawn  in  nontidal  and  tidal  fresh- 
waters and  the  juveniles  may  remain  in 
freshwater  for  several  years  (Vladykov  and 
Greeley  1963;  Brundage  and  Meadows  1982). 
Small  commercial  fisheries  still  exist  for 
the  Atlantic  sturgeon  in  New  York  and  the 
Carol inas  (Reiger  1977). 

Of  all  the  fishes  occupying  tidal 
freshwaters  at  some  tine  in  their  lives, 
probably  none  has  received  greater  atten- 
tion than  the  striped  bass,  a  species  of 
major  commercial  and  sport  importance 
(Figure  24).  Though  oresent  along  the 
entire  Atlantic  coast  of  the  United 
States,  spawning  is  largely  restricted  to 
three  estuaries.  Major  tributaries  of 
Chesapeake  Bay  account  for  approximately 
90%  of  the  striped  bass  spawned  on  the 
east  coast,  while  the  Hudson  River,  New 
York,  and  the  Roanoke  River,  North  Caro- 
lina, account  for  the  remainder  (Berggren 
and  Lieberman  1977).  In  the  mid-Atlantic, 
adult  striped  bass  overwinter  in  the  lower 
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striped 
1979). 


bass  survival   (Lippson  et  al. 


Figure  24.  Striped  bass,  the  most  impor- 
tant sport  and  commercial  fish  utilizing 
tidal  freshwater  environments.  Photograph 
by  Dennis  Allen,  Relle  W.  Baruch  Institute 
for  Marine  Science  and  Coastal  Studies, 
University  of  South  Carolina,  Georgetown. 


estuary  and  open  ocean,  returning  to  their 
natal  streams  in  spring  to  spawn  (Lippson 
et  al .  1979).  In  Georgia,  striped  bass 
are  entirely  riverine,  never  entering 
coastal  waters  (Hornsby  1980).  We  have 
chosen  to  classify  striped  bass  as  anad- 
romous  because  in  the  mid-Atlantic,  the 
area  of  peak  abundance,  some  proportion  of 
the  spawning  population  overwinters  in  the 
ocean. 

Spawning  occurs  in  tidal  fresh  and 
oligohaline  waters  in  the  main  watercourse 
when  temperatures  exceed  10°C  (50°F)  early 
April  at  the  latitude  of  Chesapeake  Bay. 
Most  adults  return  to  estuarine  waters 
after  spawning.  Juvenile  striped  bass 
preferentially  inhabit  nearshore  zones 
within  the  tidal  freshwater  and  oligoha- 
line  nursery  area  where  food  is  denser 
than  in  channels  and  deeper  waters 
(Boynton  et  al.  1981).  Juveniles  move 
gradually  downstream  as  they  grow. 

Detailed  studies  on  survival  of  ju- 
venile striped  bass  and  variation  in  year- 
class  strength  have  demonstrated  that  the 
critical  period  is  the  larval  stage.  It 
is  hypothesized  that  variation  in  food 
densities,  primarily  rotifers  and  copepod 
nauplii  within  the  tidal  freshwater  and 
oligohaline  nursery  zone,  may  be  the  crit- 
ical factor  in  determining  year-class 
strength  (Atlantic  States  Marine  Fisheries 
Commission  1981).  Apparently,  strong  year 
classes  are  correlated  with  cold  winters 
and  high  spring  runoff.  It  is  thought 
that  high  runoff  contributes  nutrient  and 
detrital  influxes  which  favor  high  zoo- 
plankton  densities,  and  thus  high  larval 


The  only  catadromous  fish  species  in 
estuaries  in  this  geographic  area  is  the 
American  eel.  Eels  spend  nearly  all  their 
lives  in  fresh  or  brackish  water,  return- 
ing to  the  ocean  in  the  region  of  the 
Sargasso  Sea  off  Bermuda  to  spawn.  Young 
eels  return  to  the  coast  and  enter 
estuaries,  some  ascending  into  nontidal 
freshwaters.  Eels  are  ubiquitous  through- 
out the  estuary  and  are  very  common  in  the 
tidal  freshwater  reaches.  They  readily 
enter  tidal  marsh  creeks  and  may  move  onto 
the  marsh  itself  (Virginia  Institute  of 
Marine  Science  1978,  Kiviat  MS;  LioDson 
et  al.  1979). 

Marine  Fishes 

Marine  fishes  soawn  at  sea  and  spend 
most  of  their  lives  in  the  marine  habitat. 
They  use  estuaries  either  as  nursery 
areas,  in  which  case  they  are  estuarine 
dependent,  or  as  seasonal  feedinq  grounds 
as  adults.  Many  more  marine  fishes  use 
the  lower  estuary  than  tidal  freshwaters. 
Atlantic  menhaden,  spot,  croaker,  silver 
perch,  weakfish,  spotted  seatrout,  black 
drum,  and  the  summer  flounder  are  marine 
species  whose  young  occupy  nursery  areas 
extending  into  tidal  freshwater  reaches 
during  the  warmer  months  (Massmann  et  al . 
1952;  Dovel  1971;  Thomas  and  Smith  1973; 
Markle  1976;  Virginia  Institute  of  Marine 
Science  1978).  In  Georgia  and  Florida, 
snook  and  tarpon  are  dependent  upon  tidal 
freshwater  and  oligohaline  nursery  areas 
(Rickards  1968).  Generally,  these  vounq- 
of-the-year,  and  adults  of  marine  species 
as  well,  leave  the  estuary  as  temperature 
decl ines  in  the  fal 1 . 

We  have  attempted  to  summarize  these 
diverse  patterns  of  habitat  use  in  Table 
12.  The  more  common  species  for  which 
adequate  life  history  information  is 
available  are  arranged  by  affinity  group 
on  the  basis  of  their  use  of  tidal  fresh- 
waters. 

5.3  COMMUNITY  STRUCTURE 

Relative  Abundance 

The  relative  abundance  of  fish 
species  in  tidal   freshwaters  is  best 
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Table  12.  Patterns  of  use  of  tidal  fresh- 
water habitat  by  fishes. 


Affinity  group 


Pattern  of 
habitat  use 


Examples 


I.  Freshwater  Resident 


Pumpkinseed 
Tessellated  darter 
Redfin  pickerel 
Longnose  gar 
Largemouth  bass 


Spawn  elsewhere  Some  catfish 
Most  suckers 


II.  Estuarine   Resident 


Mummi  chog 

Tidewater  silverside 


Nursery  area    Hogchoker 
Naked  goby 

III.  Anadromous  Nursery  area    American  shad 

Al  ewife 
Striped  bass 

Migratory  only   Hickory  shad 
Rainbow  smelt 

IV.  Marine     Nursery  area     Spot 

Feeding  ground   Mullet 
for  adults 


assessed  from  comparable  data  collected  at 
a  series  of  sites.  In  Table  13  the  most 
common  fishes  from  ten  studies  are 
arranged  by  rank  abundance.  The  eight 
species  lsited  for  each  study  account  for 
between  80%  and  99%  of  all  fishes  captured 
in  these  investigations.  While  differ- 
ences exist  in  sampling  methodology  and 
proportion  of  the  annual  cycle  covered, 
some  generalizations  are  possible.  Over- 
all, freshwater  soecies  outnumber  all 
others.  Estuarine  and  migratory  forms 
(anadromous  and  semi anadromous)  are  about 
equally  abundant.  Marine  fishes  are  the 
least  common  group  in  tidal  freshwaters. 

The  coverage  in  this  table  on  a  lati- 
tudinal basis  is  relatively  complete 
except  for  North  Carolina.  Only  the  Cape 
Fear,  New,  and  White  Oak  Rivers  in  the 
southern  portion  of  this  state  have  tidal 
freshwater  marshes  comparable  to  those  of 
the  other  states.  Unfortunately,  the 
survey  data  from  the  tidal  freshwater  por- 
tion of  these  three  river  systems  are 
inadequate  to  include  in  this  table. 
Bi'ogeographic  observations  from  Table  13 
are  discussed  in  Section  5.7. 


Diversity 

Seasonal  diversity  in  tidal  fresh- 
waters  in  the  mid-Atlantic  generally  peaks 
in  late  summer  and  early  fall  when  the 
young  of  freshwater,  estuarine,  anadro- 
mous, and  marine  forms  are  still  on  the 
nursery  ground  (Merriner  et  al .  1976, 
Upton  and  Travel  stead  1978).  In  the 
southeast,  the  diversity  peak  appears  to 
be  later  -  in  fall  or  winter  (0.  Holder, 
Department  of  Natural  Resources,  Georgia 
Game  and  Fish,  Waycross,  pers.  comm. ; 
Hornsby  1982).  Few  data  sets  exist  from 
which  to  compare  diversity  of  fishes  along 
a  salinity  gradient.  The  data  of  Merriner 
et  al .  (1976)  from  bimonthly  trawl  samples 
in  the  Pinakatank  River,  Virginia,  showed 
more  species  at  the  saline  end  of  the  gra- 
dient (20  species,  mean  salinity  16.3) 
than  at  the  ol  igohal  ine-seaonal ly  fresh 
end  (11  soecies,  mean  salinity  4.3). 
Similarly,  Dahlberg  (1972)  found  a  de- 
crease in  fish  species  richness  from  the 
mouth  of  the  Newport  River,  Georgia,  as 
his  sampling  extended  into  freshwater.  No 
readily  discernable  differences  existed  in 
the  diversities  of  collections  of  fishes 
made  at  two  times  by  beach  seine  in  meso- 
haline  (H1  =  1.80,  1.62)  and  tidal  fresh- 
water reaches  (H1  =  2.20,  0.94)  of  the 
James  River,  Virginia  (Lipton  and  Travel- 
stead  1978).  In  summary,  it  aDpears  that 
the  tidal  freshwater  fishes  are  less 
diverse  than  in  more  saline  oortions  of 
the  estuary. 


5.4  FUNCTION  OF  TIDAL  FRESHWATER  MARSH 
FOR  FISHES 


Spawning  Location 

The  tidal  freshwater  marsh  itself  is 
a  spawning  ground  for  several  species  of 
fishes  (Table  14).  The  shallow  water 
marsh  edges,  channels,  and  tidal  impound- 
ments are  spawning  areas  for  a  large  num- 
ber of  other  species.  The  only  obligate 
marsh  spawners  are  the  two  ki  1 1  i fishes , 
the  banded  killifish,  and  mummi chog  (Table 
14).  These  two  species  also  breed  in 
higher  salinity  marshes.  The  use  of  the 
marsh  as  a  spawning  site  is  a  facultative 
use  by  the  remaining  marsh  spawners;  they 
also  breed  in  the  shallows  in  both  tidal 
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Table  14.  Fishes  reported  to  spawn  in  tidal  freshwater.  (Compiled  from  lippson  et 
1979;  Wang  and  Kernehan  1979;  Christie  and  Walker  1932;  Curtis  1982;  Anonymous.) 


al 


Marsh 


Shallows 


Channels  or  shoals 
away  from  shore 


Tidal 
impoundments 


Banded  killifish 

Mummichog 

Mosquitofish 

Eastern  mudminnow 

Bluegill 

Pumpkinseed 

Carp 

Red  fin  pickerel 

Chain  pickerel 


Golden  shiner 
Satinfin  shiner 
Spottail  shiner 
Silvery  minnow 
Tessellated  darter 
Tidewater  silverside 
Yellow  perch 
White  perch  b 
Hickory  shad    ^ 
Blueback  herring 
Atlantic  needlefish 


American  shad 
Blueback  herring 
Alewife 
Hickory  shad 
Striped  bass 
Gizzard  shad 


Largemouth  bass 
Northern  pike    l 
Blueback  h  herring 
20  others 


Reported  to  spawn  in  this  habitat 
•freshwater  spawning  unknown, 
in  the  southeast  region 
in  mid-Atlantic  region 


in  Potomac  River,  Virginia.   Generality  of  tidal 


and  nontidal  freshwaters.  Those  species 
using  the  shallows  may  spawn  just  off  the 
edge  of  the  marsh,  often  in  association 
with  submerged  vegetation.  The  presence 
of  marshes  is  probably  of  little  conse- 
quence for  the  breeding  activities  of  the 
channel  spawners.  The  relative  importance 
of  tidal  impoundments  as  spawning  loca- 
tions is  poorly  known.  These  habitats  are 
rather  common  from  the  Cape  Fear  River, 
North  Carolina,  south  through  Georgia. 
Since  Curtis  (1982)  reported  the  findinq 
of  the  eggs  of  20  species  in  an  abandoned 
ricefield  on  the  Cooper  River,  South 
Carolina,  it  is  likely  that  these  habitats 
will   be  important  spawning  locations. 

Primary  Habitat  for  Resident  Species 

The  tidal  freshwater  marsh  and  associated 
shallows  and  waters  provide  year-round 
food  and  shelter  for  adults  and  juveniles 
of  resident  species.  Resident  fishes  are 
primarily  freshwater  species  and  may  or 
may  not  spawn  in  tidal  freshwaters.  This 
group  includes  the  following  common 
fishes:  longnose  gar,  American  eel,  red- 
fin  and  chain  pickerels,  carp,  goldfish, 
silvery  minnow,  golden  shiner,  satinfin 
shiner,  spottail  shiner,  white  and  creek 


chubsuckers,  white  and  channel  catfish, 
brown  bullhead,  banded  killifish,  mum- 
michog, mosquitofish,  redbreast  sunfish, 
pumpkinseed,  bluegill,  largemouth  bass, 
black  crappie,  and  tessellated  darter. 

Nursery  Zone  and  Juvenile  Habitat 

The  role  as  a  nursery  zone  for  the 
young  of  nonresident  adults  (Table  15)  is 
a  particularly  important  function  of  tidal 
freshwater  marshes  and  associated  shal- 
lows. The  broad  zone  at  the  tip  of  the 
salt  wedge  (i.e.,  the  freshwater-saltwater 
interface)  is  often  the  region  of  maximum 
primary  and  secondary  productivity  within 
the  estuary  (Dovel  et  al .  1959;  Cronin  and 
Mansueti  1971).  The  hydraulics  of  the 
salt  wedge  can  act  to  concentrate  the  lar- 
val stages  within  the  upper  portion  of  the 
tidal  freshwater  zone, 
is  in  this  same  river 
freshwater  and  oligoha- 
line  marshes  occur.  The  often  extensive 
vegetated  zone  of  these  marshes  provides 
shelter  to  small  fishes  and  an  additional 
feeding  ground  rich  in  benthic  inverte- 
brates, algae,  and  detritus. 

Dovel  (1971,  1981),  in  studying  the 


estuary  near  the 
In  addition,  it 
reach  that  tidal 
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Table  15.   Fishes  using  tidal  freshwaters 
as  nursery  grounds. 


OCEAN 


ESTUARY 


RIVER 


Affin 

ity  group 

Anad- 

Ma-   Estu- 

Species 

romous 

nne  arine 

Alewife 

+ 

American  shad 

+ 

Atlantic  menhaden 

+ 

Atlantic  sturgeon 

+ 

Bay  anchovy 

+ 

Blueback  herring 

+ 

Gizzard  shad 

+ 

Hogchoker 

+ 

Naked  goby 

+ 

Shortnose  sturgeon 

+ 

Southern  flounder 

+ 

Spot 

+ 

Striped  bass 

+ 

Tidewater  silversi 

de 

+ 

White  perch 

+ 

Yellow  perch 

+ 

ichthyoplankton  of  the  Patuxent  Piver, 
Maryland,  and  the  Hudson  River,  New  York, 
formulated  the  concept  of  the  critical 
zone  of  the  estuary,  an  area  encompassing 
that  portion  of  the  estuary  with  salini- 
ties between  0  and  10  ppt  (Figure  25). 
Dovel  considered  this  region  critical 
since  it  is  within  this  area  that  the 
survival  and  strength  of  each  year  class 
of  most  species  of  anadromous  fishes  is 
determined.  Dovel  further  pointed  out 
that  this  critical  zone  is  variable  in 
location  and  extent  since  it  is  affected 
by  both  freshwater  runoff  and  tidal 
changes . 

The  tidal  freshwater  marsh  and  asso- 
ciated shallows  are  also  important  habitat 
for  the  juveniles  of  resident  freshwater 
species  listed  in  the  previous  section. 
The  South  Carolina  Wildlife  and  Marine 
Resources  Department  compared  three  sets 
of  abandoned  ricefields  and  adjacent  tidal 
creeks  during  two  summers.  On  an  areal 
basis,  over  80%  of  all  fish  collected  were 
taken  in  ricefields.  Ninety-two  percent 
of  0-  to  4-inch  gamefish  (largemouth  bass, 
redbreast  sunfish,  warmouth,  pumpkinseed) 
were  captured  in  ricefields.  Larger  fish, 
six  inches  and   greater,  were  more  numerous 
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Figure  25.  Concept  of  movement  of 
estuarine-dependent  fish  larvae  through 
the  low-salinity  critical  zone  and  toward 
the  ocean  as  the  fish  grow.  The  movements 
of  individual  fish  (*)  show  a  gradually 
changing  relationship  to  the  salt  front, 
which  results  in  a  downstream  shift  of 
nursery  zones  for  succeeding  stages  of 
development  (from  Dovel,  1981). 


in  the  creeks  (Curtis  1982). 

Estuaries  are  believed  to  be  impor- 
tant nursery  grounds  because  they  are  (1) 
rich  in  food  and  (2)  low  in  predators. 
The  second  portion  of  this  explanation  is 
not  entirely  accurate  for  tidal  fresh- 
waters.  While  tidal  freshwaters  lack 
large  marine  predators,  freshwater  preda- 
tors are  abundant  (see  Section  5.5  below). 
Tidal  freshwaters  may  act  as  an  important 
nursery  ground  because  juveniles  are  found 
in  the  extreme  shallows  and  larger  preda- 
tory fishes  in  deeper  waters,  as  suggested 
from  the  South  Carolina  data  above. 
Juveniles  may  also  select  habitats  with 
densities  (marsh  surface  and/or 
shallows)  where  the  foraging 
of  fish  predators  is  reduced 
al .  1976,  Crowder  and  Cooper 


high  stem 
vegetated 
efficiency 
(Vince  et 
1979). 


5.5  TROPHIC  ASSOCIATIONS 

The  diets  of  fishes  recorded  from 
tidal  freshwater  marshes  are  given  in 
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Appendix  B.  Wherever  possible,  published 
information  was  sought  from  studies  under- 
taken in  this  habitat.  The  dietary  infor- 
mation appears  in  as  much  detail  as  was 
given  in  the  orginal  citation,  and  dietary 
items  are  listed  in  order  of  decreasing 
importance  for  a  species. 

A  number  of  generalizations  are  pos- 
sible from  these  data.  First,  most  fish 
pass  through  several  ontogenetic  feeding 
stages.  The  striped  bass  is  a  good 
example.  The  postlarvae  are  nlanktivor- 
ous.  Juveniles  begin  to  take  larger  food 
including  a  range  of  benthic  inverte- 
brates. Adults  continue  to  take  some 
invertebrates,  but  are  mainly  piscivorous 
(see  Appendix  B).  Such  changes  are  a 
function  of  both  growth  and  maturation  of 
the  feeding  apparatus  and  capabilities  as 
well  as  changes  in  habitat.  Secondly, 
many  fish  are  opportunistic,  without 
strict  food  preferences.  Instead,  they 
tend  to  feed  on  locally  and  seasonally 
abundant  food  resources  within  an  appro- 
priate size  range,  switching  to  other 
items  as  food  availabilities  change. 

The  tidal  freshwater  marsh  has  an 
abundance  of  small  crustaceans,  immature 
insects,  and  annelid  worms  (see  Chapter 
4).  Crustaceans  (including  amphipods, 
ostracods,  cladocerans,  mysids,  and  cope- 
pods)  and  insect  nymphs  and  larvae  are 
important  foods  for  nearly  all  the  smaller 
fishes  and  many  of  the  larger  ones  that 
use  this  habitat.  Annelid  worms  (oligo- 
chaetes)  are  apparently  not  a  major  die- 
tary item  in  this  habitat,  possibly 
because  they  tend  to  be  infaunal  rather 
than  epibenthic.  Alternatively,  they  may 
be  more  important  than  they  appear  to  be 
due  to  a  lack  of  hard  chitinous  parts 
which  would  appear  in  gut  contents.  They 
may  be  thus  underestimated  in  food  habit 
studies. 

Depsite  the  abundance  of  algae  and 
plant  detritus  in  this  habitat,  few 
species  of  fish  feed  directly  on  these 
resources.  Those  whose  guts  do  contain 
appreciable  quantities  of  these  items 
include  gizzard  shad,  striped  mullet,  sil- 
very minnow,  golden  shiner,  blacknose 
dace,  marsh  killifish,  and  hogchoker 
(Appendix  B).  More  generally,  these  abun- 
dant resources  of  detritus  and  algae  are 
made  available  to  fish  through  intermedi- 


ate steps  in  the  food  chain,  specifically 
through  the  small  Crustacea  and  immature 
insects. 

The  most  abundant  fishes  which  prey 
on  small  fishes  in  tidal  freshwater 
marshes  include  largemouth  bass,  longnose 
gar,  American  eel,  redfin  pickerel,  chain 
pickerel,  bowfin,  warmouth,  black  crappie, 
and  striped  bass.  Wading  birds,  kingfish- 
ers, certain  ducks,  terns,  and  gulls  take 
small  fishes  in  the  shallows.  Ospreys 
feed  both  on  the  marsh  at  high  tide  and  in 
less  turbid  waters  next  to  the  marsh  where 
they  take  larger  fishes  from  coves,  tidal 
creeks  and  the  mainstream  (see  Chapter  7 
and  Appendix  D). 

It  appears  from  these  observations 
that  the  abundant  primary  production  of 
the  marsh  system  is  channeled  through  a 
host  of  small  invertebrate  consumers  of 
plant  detritus  and  algae  to  numerous  small 
and  medium-sized  fishes  and  then  to  a 
smaller  number  of  top  predators,  including 
predaceous  fishes,  birds  (Chapter  7),  and 
mammal s  (Chapter  8) . 


5.6  SEASONALITY 

The  trophic  patterns  described  above 
are  seasonal  in  nature.  The  anadromous 
and  semi anadromous  fishes  are  among  the 
earliest  spawners.  Their  young  begin  to 
use  the  tidal  freshwater  nursery  area  ear- 
ly in  the  spring,  often  before  the  fresh- 
water fishes  spawn.  Other  early  arrivals 
are  the  juveniles  of  winter  spawning  ma- 
rine fishes  including  the  croaker  and 
spot.  As  the  waters  warm,  the  freshwater 
species  begin  their  reproductive  season 
and  more  juveniles  are  found  in  the  shal- 
lows. The  resident  killifishes  spawn  in 
midsummer.  Thus,  there  are  sequential  ar- 
rivals of  juveniles  in  this  nursery  area. 
Invariably,  the  greatest  number  of  indi- 
viduals and  of  species  are  observed  in 
summer  and  fall  in  the  mid-Atlantic  (Mer- 
riner  et  al .  1976;  Lipton  and  Travelstead 
1978). 

As  temperatures  decline  in  the  late 
fall  in  this  region,  fish  populations  de- 
cline. The  juveniles  of  the  anadromous, 
marine,  and  estuarine  species  (except  for 
the  killifishes)  move  downstream  to  over- 
winter in  the  lower  estuary  or  to  return 
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to  the  ocean.  The  freshwater  residents 
tend  to  move  to  deeper  waters  where  the 
temperatures  are  slightly  higher  and  less 
variable.  Some  resident  kill  fishes  may 
burrow  in  silty  sediments  within  the  marsh 
(Kiviat  MS)  or  move  to  deeper  waters 
(Fritz  et  al .  1975).  In  the  mid-Atlantic 
the  shallows  are  largely  deserted  in  the 
winter,  and  ice  may  cover  the  marsh.  He- 
spite  species-specific  variations  in  the 
relative  abundance,  community-wide  popula- 
tion levels  are  less  variable  seasonally 
in  the  southern  portion  of  our  geographic 
coverage  (Figure  26). 


5.7     BIOGEOGRAPHY 

The  geographic  area  covered  by  this 
community  profile  is  large,  and  there  are 
evident  differences  in  the  fish  communi- 
ties in  the  northern  and  southern  por- 
tions. Marine  biogeographers  have  long 
recognized  that  on  the  Atlantic  coast  Cape 
Cod,  Massachusetts,  and  Cape  Hatteras, 
North  Carolina,  are  boundary  areas  sepa- 
rating coastal  regions  with  distinguish- 
able water  masses,  floras,  and  faunas 
(Marshall  1951;  Pielou  1979;  Whitlatch 
1932).  Similarly,  North  Carolina  seems  to 
be  a  transition  area  in  the  distribution 
patterns  of  freshwater  fishes,  with  a  num- 
ber of  species  terminating  either  northern 
or      southern      ranges      at      this      latitude 


(Jenkins  et  al .  1971;  Lee  et  al .  1980). 
Examination  of  Table  13  suggests  real  dif- 
ferences in  the  fish  communities  of  the 
mid-Atlantic  (Hudson  River  to  James  River) 
and  the  Southeast  (South  Carolina  and 
Georgia).  Based  on  Appendix  B,  Table  11, 
and  Table  13,  the  following  generaliza- 
tions regarding  latitudinal  differences  in 
fish  communities  in  tidal  freshwaters  can 
be  made: 


1.  Some  species,  largely  restricted 
to  nontidal  freshwaters  in  the 
mid-Atlantic,  are  common  in  tid- 
al fresMwaters  in  the  Southeast 
(bowfin,  wa mouth,  pirate  perch, 
banded   sunfish). 


Some  species  present  in  both 
areas  use  different  spawning 
habitats  in  the  two  regions 
(hickory  shad,  bluebeck  her- 
ring). 


Juvenile  sciaenids  (drums)  ex- 
tend into  tidal  freshwaters  in 
the  mid-Atlantic,  but  apparently 
not  in  the  Southeast. 
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Figure  25.  Comparison  of  seasonal  varia- 
tion in  total  fish  numbers  in  three  river 
systems.  (Relative  abundance  in  arbitrary 
units  because  of  difference  in  sampling 
methods.  Data  from  Holder,  pers.  comm. ; 
Hornsby  1932;  Merriner  et  al .  1976). 


There  is  a  greater  tendency  for 
some  marine  species  to  penetrate 
freshwater  in  the  Southeast 
(striped  mullet,  southern  floun- 
der) . 


There  is  less  pronounced  season- 
al change  in  fish  density  in  the 
Southeast. 


As  a  result  of  human  modifica- 
tion of  the  environment,  there 
exists  in  the  Southeast  a  rather 
unique  habitat  (the  abandoned 
ricefield,  analogous  to  a  tidal 
impoundment)  which  appears  to  be 
intensively  used  as  spawning  and 
juvenile  habitat. 
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CHAPTER  6.   COMMUNITY  COMPONENTS:    AMPHIBIANS  AND  REPTILES 


Much  literature  exists  concerning  the 
amphibians  and  reptiles  of  freshwater 
lakes,  ponds,  rivers,  streams,  swamps,  and 
marshes.  This  literature,  however,  rarely 
mentions  tidal  freshwater  wetlands  as  a 
habitat  for  these  two  groups  of  organisms. 
For  example,  Behler  and  King  (1979)  list  a 
total  of  283  species  of  amphibians  and 
reptiles  for  North  America.  Only  one  of 
these  is  listed  as  inhabiting  tidal  fresh- 
water marshes.  We  feel  that  this  repre- 
sents the  fact  that  many  biologists  fail 
to  recognize  tidal  freshwater  wetlands  as 
a  distinct  community  type,  and  not  the 
fact  that  there  is  an  absence  of  fauna  in 
this  community. 

Included  in  our  compilation  are  102 
species:  22  salamanders,  28  frogs  and 
toads,  18  turtles,  6  lizards,  and  28 
snakes  (Appendix  C).  Two  reasons  account 
for  this  large  number  of  species:  (1)  the 
large  geographic  region  covered  and  (2) 
the  many  reptiles  and  amphibians  using 
nontidal  freshwater  habitats  that  can  also 
use  tidal  freshwater  habitats.  Many 
species  of  amphibians,  especially  those 
which  live  in  the  terrestrial  environment 
as  adults,  must  breed  in  permanent  water 
and  also  spend  their  larval  stages  there. 
These  species  have  not  been  included  in 
Appendix  C  because  the  literature  did  not 
specifically  identify  them  from  tidal 
freshwater  habitats. 

6.1  SPECIES  COMPOSITION 

Salamanders  are  generally  rare  or 
uncommon  in  tidal  freshwater  wetlands. 
Mudpuppies,  sirens,  and  amphiumas  are 
uncommon  in  northern  marshes,  becoming 
more  common  to  the  south.  Frogs  and  toads 
are  much  more  common  in  tidal  freshwater 
wetlands  than  salamanders. 

River  turtles  (e.g.,  painted  turtle, 


river  cooter,  Florida  cooter)  are  by  sight 
the  most  conspicuous  members  of  the 
herpetofauna  of  tidal  freshwater  wetlands. 
These  turtles  are  abundant  in  almost  all 
river  drainages  in  the  Southeastern  United 
States.  The  turtles  reported  from  mid- 
Atlantic  tidal  freshwater  wetlands  are  a 
diverse  group,  ranging  from  very  rare 
species  such  as  the  false  man  turtle, 
introduced  at  the  Tinicum  marshes  near 
Philadelphia,  to  the  ubiquitous  snapping 
turtle.  The  wood  turtle  is  a  northern 
species,  occasionally  found  in  the  high 
marsh.  Arndt  (1977)  stated  that  in  the 
wet  sedge  meadows  he  surveyed  along  the 
Delaware  Bay  the  bog  turtle  was  the  most 
common  reptile  found,  fince  considered  an 
endangered  species,  the  bog  turtle  is  now 
recognized  as  being  secretive  rather  than 
rare  (Arndt  1977).  Eastern  box  turtles 
are  usually  considered  to  be  terrestrial. 
We  have  found  a  surprising  number  of  ref- 
erences which  record  box  turtles  as  beinq 
found  occasionally  to  commonly  in  tidal 
freshwater  wetlands  (McCormick  1970;  Arndt 
1977;  Mckenzie  and  Barclay  1980). 

Diamondback  terrapins  are  brackish 
and  salt  water  turtles.  They  often  enter 
the  tidal  freshwater  reaches  of  estuaries. 
Once  hunted  extensively  for  food,  the  pop- 
ulations of  these  turtles  were  rapidly 
decimated  (McCauley  1945).  Between  1880 
and  1900  approximately  23,000  kg  (50,000 
lb)  of  meat  were  harvested  annually  from 
Maryland  alone.  By  1920  the  harvest  was 
373  kg  (823  lb).  With  legal  protection 
from  indiscriminate  harvesting,  the  take 
increased  to  2,600  kg  (5,800  lb)  by  1935 
(McCauley  1945).  A  major  factor  in  the 
continued  increase  in  this  species  has 
been  the  loss  of  a  market  due  to  changing 
public  tastes  (McCauley  1945).  Currently 
terrapin  is  considered  a  high-priced  deli- 
cacy in  many  parts  of  Maryland,;  however, 
overall  public  demand  is  still  low. 
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Lizards  and  lizard-like  reptiles  are 
the  least  common  group  of  reptiles  in  the 
tidal  freshwater  wetlands.  Those  species 
listed  in  Appendix  C  are  most  often  found 
in  tidal  swamps,  shrub  marshes,  and  high 
marsh  where  vegetation  is  high  enough  for 
them  to  escape  inundation.  The  American 
alligator  was  once  abundant  throughout 
coastal  plain  rivers  and  marshes  in  the 
Southeast.  Their  populations  declined 
drastically  due  to  over  exploitation. 
Following  protection,  alligator  popula- 
tions have  increased  rapidly,  but  the 
species  remains  on  the  list  of  threatened 
species  (Federal  Register  1980).  Alliga- 
tors are  found  in  tidal  freshwater  marshes 
and  swamps  from  North  Carolina  to  Florida. 
They  are  more  common  in  the  southern  por- 
tion of  this  range.  Although  alligators 
use  tidal  freshwater  wetlands,  they  are 
found  in  a  variety  of  other  wetland  habi- 
tats. 

Three  species  of  watersnakes,  Ne rod i a 
(formerly  Matrix) ,  appear  to  be  the  most 
abundant  snakes  in  tidal  freshwater  wet- 
lands. These  snakes  (plain-bellied,  nor- 
thern, and  banded  watersnakes)  make  use  of 
the  low  marsh,  high  marsh,  and  tidal 
swamps.  They  also  use  a  wide  variety  of 
other  wetland  habitats.  Cottonmouth  moc- 
casins are  found  from  the  south  shore  of 
the  James  River  southward.  The  many 
reports  of  this  species  from  other  por- 
tions of  the  Chesapeake  Bay  are  proabably 
sightings  of  Nerodia  which  are  mistaken 
for  the  cottonmouth  (McCauley  1945). 

There  are  no  species  of  amphibians  or 
reptiles  included  here  which  are  confined 
solely  to  tidal  freshwater  wetlands.  All 
are  capable  of  using  a  wide  variety  of 
wetland  and  terrestrial  habitats. 


0.2  LATITUDINAL  DISTRIBUTION 

Chesapeake  Bay  is  a  region  where  many 
species  reach  their  distributional  limits 
and  can  be  used  as  a  dividing  line  for 
distinguishing  a  northern  and  southern 
herpetofauna.  Southern  species  (e.g., 
cottonmouth  moccasin)  are  at  the  northern 
edge  of  their  range,  and  northern  species 
(e.g.,  bog  turtle)  are  at  the  southern 
edge  of  their  range.  Musick  (1972a)  lists 
41  species  which  reach  their  northern 
distributional  limit  around  the  Chesapeake 


Bay  and  another  nine  species  which  reach 
their  southern  limit. 

Reasons  for  this  separation  are  based 
on  the  change  in  winter  climate  between 
northern  and  southern  areas.  Tidal  fresh- 
water wetlands  in  New  England,  Delaware 
Bay,  and  Chesapeake  Bay  are  subjected  to 
much  more  severe  winters  than  tidal  fresh- 
water wetlands  from  North  Carolina  south- 
ward. The  northern  marshes  are  often 
frozen  and  covered  by  snow  for  prolonged 
periods.  Freezing  temperatures  are  infre- 
quent and  of  short  duration  along  the 
southern  Atlantic  coast.  ReDtiles  and 
amphibians,  being  both  ectothermic  (cold- 
blooded) and  incapable  of  long  distance 
migration,  are  the  vertebrate  group  most 
affected  by  this  latitudinal  change  in 
climate.  As  a  result  we  see  that  the 
species  diversity  of  this  group  is  qreatly 
reduced  in  northern  regions  in  comparison 
to  southern  regions.  Of  the  species 
listed,  25  are  reported  from  tidal  fresh- 
water wetlands  in  New  England  and  83  are 
given  for  the  wetlands  of  Georgia. 


6.3  DAILY  AND  SEASONAL  VARIABILITY 

The  temporal  variability  exhibited  by 
amphibians  and  reptiles  is  probably 
greater  than  that  shown  by  birds  and  mam- 
mals. This  temporal  variation  is  mani- 
fested as  daily  and  seasonal  activity 
cycles.  Most  amphibians  and  reptiles 
hibernate  during  the  winter  months,  often 
seeking  a  hibernaculum  which  may  be 
located  some  distance  from  the  nearest 
wetland  (Cagle  1942,  1950;  Gibbons  1970; 
Ernst  1971,  1976).  Kiviat  (1978b)  cata- 
loged the  following  species  of  tidal 
freshwater  reptiles  which  commonly  use 
muskrat  lodges  or  burrows  for  their  winter 
quarters:  snapping  turtle,  musk  turtle, 
mud  turtle,  spotted  turtle,  bog  turtle, 
wood  turtle,  false  map  turtle,  pond 
slider,  painted  turtle,  and  northern  water 
snake.  In  southeastern  Pennsylvania, 
Ernst  (1971,  1976)  found  that  most  turtles 
using  wet,  nontidal  sedge  meadows  along 
the  Susquehanna  River  are  active  only  from 
April  to  September.  Daily  activity  cycles 
are  also  well  developed  and  are  dependent 
on  air  and  water  temperature  (Cagle  1942, 
1950;  Ernst  1971,  1976;  Arndt  1977). 
Turtles,  especially  those  in  the  genera 
Chrysemys  and  Clemmys  are  rarely  active 
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until  the  ambient  temperature  reaches 
10°  C  or  higher.  If  the  temperature  goes 
above  34°  C,  many  of  these  same  turtles 
will  become  inactive,  seeking  cool  areas. 
Similar  patterns  of  winter  and  daily 
activity  are  noted  for  frogs,  toads,  and 
snakes  (Noble  1954;  Orr  1971).  Salaman- 
ders of  the  family  Plethodontidae  are 
adapted  to  cold  waters  with  high  oxygen 
levels  and  hence  might  be  more  active  in 
the  winter  than  the  other  species  of 
reptiles  and  amphibians  listed  in 
Appendix  C. 


6.4  ECOLOGICAL  RELATIONSHIPS 

Most  tidal  freshwater  amphibians  and 
reptiles  are  primary  or  secondary  carni- 
vores.  They  feed  on  a  wide  variety  of 


animal  matter  from  tiny  insects  to 
medium-sized  mammals  and  birds  (Appendix 
C).  One  important  exception  to  this 
generalization  are  the  turtles  in  the 
genus  Chrysemys.  While  young,  these  tur- 
tles are  carnivorous.  As  they  mature, 
they  switch  to  a  diet  which  is  almost 
completely  vegetable  matter  (Ernst  and 
Barbour  1972).  This  change  in  diet  may 
cause  the  total  biomass  of  these  species' 
populations  to  reach  \/ery  high  values,  on 
the  order  of  200  to  500  kg/ha  (Table  16). 
Only  fish  and  the  tiger  salamander  have 
population  biomass  densities  which  exceed 
those  of  herbivorous  turtles  (Iverson 
1982).  Most  carnivorous  mammals  and  birds 
have  population  standing  stock  biomasses 
which  are  10  to  100  times  less  than  that 
of  these  turtles  (Table  17).  Althouqh 
these  estimates  are  based  on  studies  done 


Table  16.  Population  densities  (numbers/ha)  and  standing  stock  biomass  (kg/ha)  of  se- 
lected species  of  turtles  and  various  other  vertebrate  groups.  Data  are  modified  from 
Iverson  (1982),  Tables  1  and  2.   0  =  Ominivorous,  C  =  Carnivorous,  H  =  Herbivorous. 


Species  or  group 


Food 

Population 

labitat 

habits 

Density 

biomass 

marsh 

C 

1.2 

9.1 

pond 

C 

59 

181 

creek 

0 

81+ 

26 

pond 

0 

80 

8.4 

lake 

0 

150 

10.2 

lake 

0 

49 

11.2 

pond 

0 

571-591 

28-102 

pond 

0 

40-80 

3.2-8.7 

bog 

0 

123 

10.9 

swamp 

0 

140 

12.9 

pond 

0 

40 

8.2 

spring 

H 

170 

384 

spring 

H 

154 

311 

pond 

H 

5.2 

4.0 

pond 

0 

58-361 

27-283 

river 

0 

190 

40 

river 

C 

42 

19 

_ 

H 

_ 

280 

- 

H 

- 

100 

- 

C 

- 

1 

- 

C 

- 

1 

- 

0,C 

- 

1 

- 

C 

- 

5 

- 

C 

- 

27 

_ 

C 

_ 

21 

- 

C 

- 

477 

Snapping  turtle 
Snapping  turtle 
Mud  turtle 
Musk  turtle 
Musk  turtle 
Painted  turtle 
Painted  turtle 
Spotted  turtle 
Bog  turtle 
Bog  turtle 
Chicken  turtle 
River  cooter 
Florida  cooter 
River  cooter 
Pond  slider 
Pond  slider 
Softshell 


mammal s 
mammal s 
mammal s 
mammals 


Large 

Small 

Large 

Smal  1 

Birds 

Snakes 

Frogs 

Salamanders 

Fish 
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Table  17.  Efficiency  of  secondary  produc- 
tion by  various  species  of  animals.  Data 
adapted   from  Pough  (1930),   Table  3. 


Species 


Warm-blooded 

Cottontail    rabbit 
Deer  mouse 
Meadow  vole 
Savannah  sparrow 
Long-billed  marsh  wren 

Cold-blooded 
Red-backed   salamander 
Southern   toad 
Northern  watersnake 
Corn   snake 


Efficiency  (%) 
Gross         Net 


0.74 

0.83 

0.98 

1.09 

2.10 

3.00 

- 

1.10 

0.35 

0.50 

9 

48 

- 

49 

20-35 
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in  ponds,  streams,  and  nontidal  freshwater 
marshes,  they  are  probably  comparable  to 
the  value  in  tidal  freshwater  wetlands. 


High  population  biomass  does  not 
necessarily  imply  that  the  energy  flow 
through  the  population  is  also  large.  A 
result  of  ectothermy  is  that  high  biomass 
can  be  supported  with  a  low  level  of 
energy  flow  if  the  organisms  are  efficient 
at  utilizing  what  they  consume  (Pough 
1980).  It  has  been  shown  that  the  gross 
and  net  efficiency  of  secondary  production 
(i.e.,  the  efficiency  of  an  organism  in 
converting  what  it  eats  into  body  mass)  of 
amphibians  and  reptiles  is  10  to  100  times 
greater  than  that  of  birds  and  mammals 
(Table  17).  Hence  the  biomass  of  herbi- 
vorous turtles  may  become  large  and  be 
supported  by  a  low  level  of  energy  flow 
through  the  entire  population.  A  manage- 
ment consequence  of  this  point  is  that  it 
may  take  a  long  time  for  the  populations 
to  reach  high  levels.  If  the  populations 
are  exterminated  from  an  area,  it  will 
take  many  years  for  them  to  recover 
(Iverson  1982).  The  effect  of  amphibian 
and  reptile  populations  on  the  structure, 
function,  and  energy  flow  within  wetlands 
is  poorly  understood  and  should  be  studied 
more  in  the  future. 


69 


CHAPTER  7.    COMMUNITY  COMPONENTS:    BIRDS 


7.1  INTRODUCTION 

Tidal  freshwater  wetlands  provide  a 
varied  habitat  for  birds.  Of  the  dif- 
ferent types  of  coastal  wetlands,  tidal 
freshwater  wetlands  are  among  the  most 
structurally  diverse.  Structural  diversi- 
ty is  provided  by  the  broad-leaved  plants 
characteristic  of  the  low  marsh,  tall 
grasses  of  the  high  marsh,  the  intermedi- 
ate canopy  provided  by  the  shrub  zone,  and 
the  high  canopy  found  in  tidal  freshwater 
swamps. 

Tidal  freshwater  wetlands  harbor  a 
higher  diversity  of  birdlife  than  struc- 
turally simpler  wetland  types  such  as  salt 
or  brackish  water  marshes.  Low  marsh  and 
adjacent  exposed  mudflats  are  used  by 
shorebirds  and  rails.  The  grasses  and 
sedges  characteristic  of  higher  elevations 
in  the  marsh  are  similar  to  grassland  or 
savanna  habitats  and  support  an  abundance 
of  seed-eating  species.  Tidal  channels 
and  pools  provide  habitat  for  wading 
birds.  Waterfowl  use  the  open  water  areas 
in  addition  to  the  marsh  surface  itself. 
Shrubs  and  trees  found  in  the  high  marsh 
and  along  the  upland-marsh  ecotone  provide 
habitat  for  a  larye  number  of  arboreal 
birds.  These  arboreal  birds  can  often  be 
found   feeding   in  or  over  the  marsh  proper. 

The  few  surveys  which  have  been  con- 
ducted in  tidal  freshwater  wetlands  reveal 
a  diverse  assemblage  of  birds.  Kiviat 
(1973a)  observed  142  species  of  birds 
which  used  the  tidal  freshwater  marshes 
along  the  Hudson  River.  The  Hamilton 
marshes  on  the  Delaware  River  in  New 
Jersey  supported  64  species  of  birds  dur- 
ing the  summer  (Hawkins  and  Leek  1977). 
McCormick  (1970)  reported  246  species  from 
the  region  of  trie  Tinicum  marshes  near 
Philadelphia.  Wass  (1972)  listed  109 
species    as    being    found    in   the  freshwaters 


and  swamps  from  the  lower  Chesapeake  Bay. 
He  did  not,  however,  refer  directly  to 
tidal  freshwater  marshes.  Domenic  Ciccone 
(Refuge  Manager,  Mason  Neck  National  Wild- 
life Refuge,  Lorton,  Virginia;  pers. 
comm.)  cited  76  bird  species  from  the 
tidal  freshwater  marshes  at  Mason  Neck  on 
the  upper  Potomac  River.  An  additional 
three  species  were  listed  as  upland 
species  which  frequently  entered  the 
marsh.  Wass  and  Wilkins  (1978)  found  129 
species  using  a  tidal  freshwater  marsh 
which  had  been  built  by  the  Army  CorDS  of 
Engineers  on  dredgespoil  in  the  James 
River.  Harold  Olson  (Refuge  Manager, 
Presquile  National  Wildlife  Refuge,  Hope- 
well, Virginia;  Ders.  comm.)  stated  that 
83  species  of  birds  are  commonly  seen  in 
the  tidal  freshwater  marshes  at  Presquile. 
P.  E.  Young  (Outdoor  Recreation  Planner, 
Georgia  Coastal  National  Wildlife  Refuge 
Complex,  Savannah,  Georgia;  pers.  comm.) 
provided  an  exhaustive  list  of  215  species 
which  are  known  to  utilize  tidal  fresh- 
water wetlands  in  Georgia.  Of  these 
species,  64  are  mostly  limited  to  tidal 
marshes;  the  remaininq  151  species  use  the 
tidal  swamps  and  upland  forests  which 
border  the  tidal  marsh.  Sandifer  et  al . 
(1930)  listed  76  birds  which  inhabit  the 
palustrine,  nonforested  wetlands  of  the 
South  Carolina  and  Georgia  coasts.  They 
also  listed  122  species  from  forested 
palustrine  wetlands. 

Based  on  information  obtained  from 
the  literature  and  limited  field  surveys 
conducted  by  T.  J.  Smith,  we  have  compiled 
a  list  (Appendix  D)  of  280  species  of 
birds  which  use  tidal  freshwater  wetlands 
for  feeding,  breeding,  roosting,  or  other 
activities.  We  have  included  rare  and 
abundant  species.  The  most  common 
species,  or  those  which  are  most  deoendent 
on  tidal  freshwater  wetlands,  are  dis- 
cussed  here. 
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The  birds  of  tidal  freshwater  wet- 
lands have  been  divided  into  seven  groups 
for  the  purposes  of  this  volume.  The  dis- 
tinction as  to  group  membership  was  made 
on  the  basis  of  trophodynamics  or  on  the 
method  employed  by  a  particular  species  in 
procuring  its  food  (hawking,  diving,  prob- 
ing). The  seven  groups  are:  floating  and 
diving  waterbirds,  wadinq  birds,  rails  and 
shorebirds,  birds  of  prey,  gulls  and 
terns,  arboreal  birds,  and  qround-  and 
shrub-dwelling  birds.  These  groups  are 
not  meant  to  represent  guilds  in  an  eco- 
logical sense,  rather  they  are  intended  to 
show  yery  general  affinities  between 
groups  and  provide  for  ease  of  discussion. 


7.2  FLOATING  AND  DIVING  WATERBIRDS 

This  group  of  44  species  is  comprised 
primarily  of  members  of  the  waterfowl 
family  (Anatidae)  plus  gallinules,  coot, 
pelicans,  grebes,  double-crested  cormo- 
rant, and  anhinga.  Because  of  their  eco- 
nomic and  recreational  importance,  water- 
fowl are  the  most  studied  and  best  under- 
stood of  the  wetland  avifauna,  but  charac- 
terization of  their  utilization  of  wetland 
habitats  remains  difficult.  Shaw  and 
Fredine  (1956)  inventoried  the  wetlands  of 
the  United  States  and  rated  them  according 
to  their  value  to  this  group.  Many  areas 
rated  as  having  high  waterfowl  use  at  that 
time  no  longer  support  even  small  popula- 
tions. An  example  is  the  greatly  reduced 
use  of  the  Susquehanna  Flats  region  of  the 
upper  Chesapeake  Bay  during  the  past  20 
years.  This  can  be  related  to  a  dramatic 
Jecrease  in  the  amount  of  submerged  aquat- 
ic vegetation  (Bayley  et  al.  1978).  Lynch 
(1968)  stated  ".  .  .  cases  of  consistently 
heavy  exploitation  of  these  coastal  wet- 
lands (referring  to  all  types  of  wetlands) 
by  waterfowl  are  almost  overshadowed  by 
instances  of  their  partial  or  intermittent 
use  or  even  casual  abandonment." 

As  an  example  of  the  variable  nature 
of  waterfowl  use  of  differing  wetland 
types  and  of  different  wetlands  of  the 
same  type,  we  present  three  years  of  an- 
nual mid-winter  waterfowl  survey  data  for 
Virginia  (Table  18).  This  survey  is  con- 
ducted in  early  January,  across  the  entire 
country  to  provide  baseline  data  on  trends 
in  waterfowl  populations  and  on  changes  in 
habitat  use.   Virginia  is  divided  into  19 


survey  units  which  we  have  arranged  along 
a  gradient  of  saline  to  freshwater.  Pat- 
terns of  use  between  years,  between  dif- 
fering salinities,  and  among  units  of  the 
same  salinity  are  striking  (Table  18). 
The  Pamunkey,  Mattaponi ,  and  Chickahominy 
Rivers  all  have  large  acreages  of  tidal 
freshwater  marshes  and  swamps.  Only  the 
Pamunkey  is  used  substantially  by  geese, 
often  having  more  than  10,000  individuals, 
while  the  Chickahominy  has  less  than  100. 
The  greatest  use  by  dabbling  ducks  of  tid- 
al freshwater  marshes  also  occurs  along 
the  Pamunkey  but  is  highly  variable.  Over 
a  three-year  period,  January  populations 
in  the  Pamunkey  fluctuated  by  a  factor  of 
four.  The  Mattaponi  River  marshes,  which 
are  less  than  five  kilometers  from  the 
Pamunkey,  receive  little  use  by  dabbling 
ducks.  Tidal  freshwater  marshes  along 
these  two  rivers  appear,  visually,  to  be 
identical  (T.  J.  Smith,  personal  observa- 
tion). Causes  for  disparities  in  usage 
are  unknown  but  may  be  related  to  subtle 
habitat  differences,  historical  factors, 
microcl  imatological  differences  between 
sites,  disturbance,  or  some  other  causes. 

These  data  also  indicate  other  impor- 
tant points  in  the  use  of  wetlands  by 
waterfowl.  Dabbling  ducks  and  geese 
(especially  Canada  geese)  appear  to  be 
most  closely  tied  to  tidal  freshwater  wet- 
lands (Figure  27).  Diving  ducks  and 
mergansers  are  found  in  tidal  freshwater 
habitats  but  are  much  more  common  in 
oligohaline  and  brackish  wetlands.  Sea 
ducks  are  almost  never  found  in  tidal 
freshwaters,  being  most  abundant  in  brack- 
ish and  saline  environments.  In  more 
northerly  areas  where  tidal  freshwater 
wetlands  are  in  closer  proximity  to  brack- 
ish and  salt  marshes,  the  diving  and  sea 
ducks  occur  more  regularly  in  the  fresh- 
water areas. 

Of  the  various  types  of  coastal  marsh 
and  wetland  habitats,  Shaw  and  Fredine 
(1956)  rated  shallow,  tidal  freshwater 
marshes  as  the  most  important  habitat  for 
ducks,  geese,  and  swans.  Stewart  (1962) 
provided  one  of  the  most  comprehensive 
discussions  of  wintering  habitat  use  by 
waterfowl.  In  the  upper  Chesapeake  Bay 
region,  thirteen  wetland  habitats  were 
delineated,  two  of  which  were  tidal  fresh- 
water marsh  systems.  These  two  habitat 
types  (estuarine  river  marshes  and  fresh 
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Figure  27.  Late  autumn  mixed  assemblages 
of  Canada  geese  and  ducks  in  tidal  fresh- 
water marshes  of  the  Pamunkey  River, 
Virginia.  This  photograph  was  taken  from 
an  aircraft  approximately  200  feet  in  the 
air. 


estuarine  bay  marshes)  comprised  only 
4.82%  of  the  entire  study  area.  Dabbling 
ducks  were  obviously  selecting  tidal 
freshwater  marshes  in  place  of  other 
available  wetland  habitats  (Table  19), 
especially  early  in  the  autumn.  Green- 
winged  teal  were  the  most  selective;  in 
some  months  one  quarter  of  these  birds 
were  found  in  tidal  marshes  comprising 
only  one- twentieth  of  the  total  wetland 
area.  Mallards,  American  black  ducks,  and 
American  wigeon  were  also  selective,  but 
not  to  the  extent  of  green-winged  teal 
(Table  19). 


Diving  ducks  such  as  canvasback,  red- 
head, scaup,  bufflehead,  common  goldeneye, 
and  ruddy  ducks  were  highly  selective  for 
freshwater  and  oligohaline  estuarine  bay 
habitats  (Stewart  1962).  These  species  do 
utilize  tidal  freshwater  marshes  but  were 
not  as  common  there  as  in  the  open-water 
bays   (Stewart  1962). 


The  seasonal  pattern  of  waterfowl  use 
in  tidal  freshwater  marshes  is  most  likely 
determined  by  a  combination  of  food  avail- 
ability, food  quality,  and  weather  condi- 
tions. The  vegetation  of  tidal  freshwater 
marshes  provides  an  abundant  source  of 
high  energy  foods  when  waterfowl  need  them 
most,  i.e.,  immediately  following  their 
southward  migration  when  energy  stores  are 
depleted  and  prior  to  the  northward  flight 
when  energy  reserves  must  be  built  up. 
During  the  winter  months  when  a  bird's 
maintenance  requirements  must  be  met, 
lower  quality  foods  available  in  brackish 
and  saline  environments  are  suitable. 
Additionally,  at  northern  locations  tidal 
freshwater  wetlands  freeze  over  in  the 
winter  and  food  plants  are  not  available; 
the  waterfowl  are  forced  to  move  to  more 
brackish  wetlands  or  to  migrate  to  areas 
further  south. 

The  seeds  and  rhizomes  of  annual  and 
perennial  sedges,  rushes,  grasses,  and 
broad-leaved  herbs  appear  to  be  favored 
foods  of  most  waterfowl.  Those  species 
most  commonly  eaten  include  threesquare, 
softstem  bulrush,  saltmarsh  bulrush,  rice 
cutgrass,  knucklegrass,  halberdleaf  tear- 
thumb,  dotted  smartweed,  Walter's  millet, 
dwarf  spikerush,  squarestem  spikerush, 
fragrant  umbrel lasedge,  and  wildrice.  It 
appears  that  these  middle  to  upper  inter- 
tidal  marsh  species  are  more  important 
food  items  than  are  the  seeds  and  rhizomes 
of  the  broad-leaved  species  of  the  low 
marsh  (Stewart  1962;  Conrad  1966;  Kerwin 
and  Webb  1971;  Perry  and  Uhler  1981). 
However,  exceptions  to  the  above  generali- 
zation do  occur.  Perry  and  Uhler  (1981) 
reported  that  approximately  one  third  of 
the  food  by  volume  of  the  wood  ducks  from 
the  James  River  in  Virginia  was  arrow- 
arum.  They  also  stated  that  Canada  geesse 
occasionally  fed  on  pickerelweed.  Stewart 
(1962)  listed  arrow-arum  as  important  in 
the  diets  of  Canada  geese,  mallards,  black 
ducks,  and  wood  ducks  from  the  upper 
Chesapeake  region.  Yellow  waterlily  is  an 
important  food  of  ring-necked  ducks  in  the 
upper  Chesapeake  Bay  (Stewart  1962). 

The  great  diversity  of  foods  avail- 
able to  and  eaten  by  waterfowl  in  tidal 
freshwater  wetlands  indicates  the  value  of 
this  habitat  type  to  them  (Perry  and  Uhler 
1981).  A  notable  feature  of  the  food 
habits    of    waterfowl     is    the    opportunistic 
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Table  18.  Distribution  of  waterfowl  in  various  regions  of  Virginia  during  early  Janu- 
ary 1978-1980.  Regions  are  arranged  on  a  gradient  of  salinities,  from  tidal  saline  to 
tidal  freshwater.  Data  provided  by  Fairfax  H.  Settle,  District  Biologist,  Virginia 
Commission  of  Game  &  Inland  Fisheries.  TR  =  Trace. 
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10585 

1000 

4600 

3100 

4200 

588 

2963 

355 

2406 

1980 

2700 

300 

2700 

4800 

10500 

1031 

2253 

1050 

2007 

Sea  ducks 

1978 

1903 

200 

2000 

100 

800 

22 

101 

220 

21 

1979 

1035 

300 

1000 

1000 

100 

5 

5 

0 

5 

1930 

819 

100 

1000 

600 

600 

1067 

8« 

11 

21 

Table  19.   Percentage  of  total  species  population  present  in  the  upper 

Chesapeake  Bay,  observed  in  tidal  freshwater  habitats,  estuarine  river 

marshes,  and  fresh  estuarine  bay  marshes.   (Tabulated  from  data  in  Stew- 
art 1962.)  NR  =  Not  reported. 


Species 


Oct, 


Nov, 


Dec. 


Jan, 


Feb, 


March 


Whistling  swan 


TR 


NR 


Dabbling  ducks 

Mai  lard 

13 

17 

14 

12 

NR 

9 

Black  duck 

16 

9 

4 

4 

NR 

6 

Green-winged   teal 

52 

30 

24 

16 

NR 

36 

American  wigeon 

4 

15 

TR 

0 

NR 

TR 
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Freshwater 

Lower 

Reedville 

Back 

Hog 

Upper 

Presquile 

Chicka- 

Pamunkey 

"attaponi 

Upper 

Rappa- 

Bay 

Island 

James 

h  on  i  ny 

River 

River 

Paooa- 

hannock 

River 

River 

hannock 

River 

"iver 

383 

555 

2490 

0 

35 

0 

27 

0 

1 

986 

611 

224 

5048 

0 

50 

0 

n 

0 

1 

705 

158 

330 

3810 

30 

35 

0 

29 

0 

0 

631 

4979 

420 

12380 

3968 

8013 

7857 

0 

12072 

1191 

1'584 

2250 

0 

22935 

1750 

1619 

2953 

60 

5425 

1100 

16232 

1250 

563 

25790 

3134 

5104 

9495 

o 

6790 

135 

15179 

387 

291 

21135 

5493 

1578 

2658 

4482 

17432 

139 

4318 

201 

193 

3162 

1318 

2396 

102 

5123 

5031 

1035 

3739 

1126 

272 

20975 

3466 

6583 

4342 

7250 

20284 

512 

6101 

6701 

2244 

440 

0 

160 

722 

5176 

14 

67 

65 

11022 

583 

0 

100 

270 

0 

2506 

0 

0 

25 

9773 

1212 

340 

0 

167 

87 

3246 

51 

18 

36 

22 

244 

0 

0 

0 

0 

0 

0 

0 

0 

512 

30 

0 

0 

0 

0 

0 

0 

0 

n 

1084 

550 

0 

0 

0 

0 

0 

0 

0 

0 

feeding  and  consequently  the  wide  diversi- 
ty of  items  eaten.  Perry  and  Uhler  (1981) 
examined  115  gizzards  from  eight  species 
of  waterfowl  and  found  136  different  food 
items.  Ten  American  black  ducks  ate  51 
types  of  food  while  five  American  wigeon 
consumed  21  different  foods  (Table  20). 
Other  examples  of  marsh  omnivores  are  the 
American  coot,  common  gallinule,  and  pur- 
ple gallinule  which  feed  on  the  leaves  and 
seeds  of  sedges,  rushes,  spikerushes, 
wildrice,  and  pondweeds.  They  also  take  a 
large  number  of  aquatic  insects,  tadpoles, 
snails,  frogs,  and  small  fish. 

Perry  and  Uhler  (1981)  reported  that 
two  hooded  mergansers  taken  from  the  upper 
James  River,  Virginia,  fed  exclusively  on 
alewives.  Johnny  darters  and  American 
eels  are  eaten  by  the  hooded  merganser  in 
the  upper  Chesapeake  Bay  (Stewart  1962). 
Common  mergansers  were  reported  to  feed  on 
pumpkinseed  sunfish  and  yellow  perch  along 


the  tidal  freshwater  wetlands  of  the  Poto- 
mac River,  Virginia  (Stewart  1962). 
Loons,  pelicans,  cormorants,  and  anhingas 
are  also  fish  eaters.  Gallinules  and 
grebes  consume  a  broad  range  of  aquatic 
invertebrates  and  vertebrates.  During  the 
fall,  grebes  and  gallinules  will  eat  the 
seeds  of  numerous  marsh  plants  such  as 
wildrice,  sedges,  and  rushes  (Terres 
1981). 

Few  waterfowl  breed  in  tidal  fresh- 
water wetlands  of  the  mid-  and  south 
Atlantic  coasts.  Only  wood  ducks,  and  to 
a  lesser  extent  American  black  ducks  and 
mallards,  commonly  use  these  wetlands  for 
breeding  habitat.  Stotts  and  Davis  (1960) 
found  that  65%  of  the  nests  of  American 
black  ducks  were  located  in  upland  areas 
often  hundreds  of  yards  from  the  nearest 
water.  Only  17%  of  the  nests  were  in  the 
marsh  and  these  were  located  on  elevated 
sites  above  the  high-tide  line.   Once  the 
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Table  20.  Breadth  of  diet  of  selected  species  of  waterfowl  from  tidal 
freshwater  wetlands.  Calculated  from  data  presented  in  Stewart  (1962)  and 
Perry  and  Uhler  (1981). 


Species 


Number  of 

Number  of 

Food 

Number 

animal 

plant 

items/ 

examined 

foods 

foods 

bird 

3 

0 

11 

3.67 

8 

1 

25 

3.25 

5 

3 

18 

4.20 

29 

10 

45 

1.93 

38 

10 

68 

2.05 

10 

11 

40 

5.10 

20 

7 

48 

2.75 

1 

3 

5 

8.00 

2 

1 

0 

1.00 

Canada  goose 
Wood  duck 
American  wigeon 
Green-winged  teal 
Mallard 
Black  duck 
Pintail 

Northern  shoveler 
Hooded  merganser 


eggs  hd^e  hatched,  the  brood  moves  to  the 
nearest  wetland.  Although  brood  rearing 
may  occur  in  a  number  of  habitats,  it 
seems  that  sedge,  cattail,  and  bulrush 
marshes  are  favored  (Bellrose  1975). 
Availability  of  cover  is  the  most  impor- 
tant criterion  for  brood-reading  areas 
since  ducklings  feed  on  aquatic  insects, 
not  vegetation.  Wood  ducks  are  tree- 
cavity  nesters  and  their  breeding  activity 
is  restricted  to  freshwater  swamps  (tidal 
and  nontidal)  and  wooded  jplands.  They 
will  often  nest  over  one  mile  from  the 
nearest  water.  Favored  species  which  pro- 
vide suitable  cavities  include  cypress, 
sycamore,  sweet  gum,  willow,  and  red 
maple.  Once  the  eggs  have  hatched,  the 
brood  is  immediately  lead  to  the  nearest 
marsh.  The  tidal  freshwater  wetlands 
along  the  western  shore  of  the  Chesapeake 
Bay,  such  as  along  the  Pamunkey  and 
Mattaponi  Rivers  in  Virginia,  are  used 
extensively  for  brood  rearing  by  this 
species  (Smith,  personal  observation),  as 
are  similar  areas  throughout  the  mid-  and 
south  Atlantic  (anonymous  reviewer). 

Loons,  grebes,  pelicans,  gannet, 
mergansers,  cormorant,  anhinga,  and  galli- 
nules  comprise  the  remainder  of  the  float- 
ing and  diving  waterbird  group.  Of  these, 
only  the  common  and  hooded  mergansers, 
pied-billed  grebe,  gallinules,  coot,  and 
anhinga  are  found  with  regularity  in  tidal 
freshwater     marshes     and     swamps     (Stewart 


1962;  Perry  and  Uhler  1981).  The  remain- 
ing species  are  most  abundant  in  tidal 
freshwater  when  it  lies  in  the  vicinity  of 
large  areas  of  brackish  or  salt  marsh. 
Pied-billed  grebes,  gallinules,  and  coots 
occasionally  nest  in  the  marsh,  choosing 
high  marsh  sites  with  plentiful  sedges  and 
reeds  for  constructing  their  floating 
nests. 


7.3     WADING   BIRDS 

Fifteen  species  of  herons,  egrets, 
ibises,  and  bitterns  make  up  this  familiar 
group  of  marsh  birds.  These  species  are 
commonly  seen  during  the  summer  throughout 
the  Atlantic  coastal  region.  Only  the 
limpkin  and  wood  stork  are  restricted  in 
range,  being  found  south  of  South  Caro- 
lina. The  great  blue  heron  (Figure  28)  is 
the  only  species  found  during  winter  in 
the  northern  parts  of  the  Atlantic  coast. 
The  other  soecies  migrate  southward  in  the 
winter.  Along  the  southern  portions  of 
the  coast,  waders  are  present  year-round. 
These  birds  make  heavy  use  of  the  tidal 
channels,  creeks,  and  ponds  found  through- 
out the  low  and  high  marshes.  They  are 
also  found  commonly  along  the  banks  of 
watercourses  in  tidal  swamps  and  salt 
marshes. 

Fish,  from  small  minnows  and  silver- 
sides     to     catfish,     are     preferred     prey. 
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7.4     RAILS   AND   SHOREBIRDS 


f 


Fiyure  28.  The  great  blue  heron  feeds  in 
tidal  freshwater  marshes  throughout  the 
year. 


Other  food  items  include:  crayfish, 
snails,  frogs,  lizards,  and  snakes.  Occa- 
sionally herons  and  bitterns  consume  some 
warm-blooded  prey  items  such  as  mice  and 
shrews  or  even  young  birds.  Limpkins  have 
have  a  highly  specialized  diet  consisting 
almost  entirely  of  snails. 


Green  herons  and  bitterns  nest  in 
tidal  freshwater  marshes.  Green  herons 
build  nests  of  sticks  in  vegetation  low  to 
the  ground.  Bitterns  use  sedges  and 
grasses  to  construct  nests  low  over  the 
water.  Breeding  colonies  of  herons  use  a 
wide  variety  of  trees  and  shrubs  to  sup- 
port their  nests,  and  sometimes  nest  on 
the  ground  in  dense  vegetation.  The 
actual  location  of  the  nest  site  is  not 
critical  to  these  birds  as  they  will  fly 
long  distances  between  heronry  and  feeding 
grounds  (Kushlan  1977;  Maxwell  and  Kale 
1977).  During  the  summer  when  these 
waders  are  raising  young,  their  fish  prey 
is  most  abundant  within  the  marsh  (see 
Chapter  5).  The  food  which  the  waders 
gather  from  tidal  freshwater  marshes  is 
undoubtedly  important  to  the  maintenance 
of  adults  and  to  the  growth  and  survival 
of  their  young. 


At  least  35  species  of  shorebirds  and 
rails  make  extensive  seasonal  use  of  the 
high  marsh,  low  marsh,  and  especially  of 
the  associated  tidal  flats.  Hawkins  and 
Leek  (1977)  observed  killdeer,  spotted 
sandpiper,  sora  rail,  and  American  wood- 
cock in  tidal  freshwater  marshes  in  New 
Jersey  during  the  summer.  The  woodcock 
was  confirmed  as  nesting  in  the  wildrice/ 
arrow-arum  zone  of  this  wetland.  The  oth- 
er three  species  were  believed  to  have 
nested  but  nests  were  never  found. 
McCormick  and  Somes  (1982)  observed  a  num- 
ber of  species  of  sandpipers  and  rails  at 
Oldmans  Marsh,  also  in  New  Jersey. 
Greater  yell  owl egs  were  observed  year- 
round,  common  snipes  and  dunlins  during 
winter  and  in  migration,  king  rails  in  the 
summer,  and  large  numbers  of  least  sand- 
pipers, oectoral  sandpipers,  and  Virginia 
rails  during  summer  and  migrations.  Les- 
ser yell  owl egs  were  seen  only  during 
migration.  Fifty  percent  or  more  of  the 
total  sightings  of  these  eight  soecies, 
summed  over  all  habitats  surveys,  were 
made  in  tidal  freshwater  marshes 
(McCormick  and  Somes  1982).  King  rails 
are  one  of  the  few  species  of  birds  to  be 
active  during  winter  months  in  the  tidal 
freshwater  wetlands  of  the  upper  Chesa- 
peake Bay  (Meanley  1975).  King  rails 
remain  active  despite  snow  and  ice  cover- 
ing the  marsh  surface.  Peak  abundance  of 
soras  occurs  during  fall  migration  at 
tidal  freshwater  wetlands  along  the  entire 
Atlantic  coast  (Webster  1964,  Meanley 
1965). 

Primary  foods  of  these  soecies 
include  freshwater  worms,  crayfish, 
snails,  and  mollusks.  In  fact,  they  will 
eat  almost  any  invertebrate  organisms 
found  in  the  upper  few  centimeters  of  the 
sediment  surface  (Baker  and  Baker  1973; 
Schneider  1978).  During  their  fall  migra- 
tions, surprising  numbers  of  shorebirds 
make  extensive  use  of  the  seeds  of  marsh 
plants  such  as  wildrice,  three-square, 
halberdleaf  tearthumb,  dotted  smartweed, 
redroot  sedge,  rice  cutgrass,  and  many 
other  marsh  plants.  Many  shorebirds  are 
present  only  during  the  fall  migration 
when  the  seed  supply  is  maximum.  An 
interesting  note  is  the  utilization  of 
wildrice  by  rails.  During  autumn  migra- 
tion large  numbers  of  soras  (and  possibly 
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other  rails)  gather  to  feed  on  the  seeds 
of  this  abundant  marsh  plant  (Webster 
1964;  Meanley  1955).  We  have  observed 
flocks  of  several  hundred  soras  feeding  on 
wildrice  seeds  in  tidal  freshwater  marshes 
along  the  Chickahominy  River  (Smith,  per- 
sonal observation).  During  the  month-long 
period  in  the  fall  when  wildrice  seeds  are 
ripening,  they  may  comprise  90%  of  the 
sora's  diet  (Webster  1964). 


7.5     BIRDS   OF   PREY 

Hawks,  falcons,  eagles,  osprey,  owls, 
vultures,  and  the  loggerhead  shrike  form 
this  group  of  23  predatory  or  carrion- 
eating  birds.  These  species  are  at  the 
top  of  the  wetlands1  food  pyramid  and  so 
were  ue^/er  abundant.  Recently,  some 
species  of  birds  of  prey  have  suffered 
rapid  and  drastic  declines  in  population 
size  because  of  pollution,  habitat  loss, 
and,  most  importantly,  chlorinated  hydro- 
carbon pesticides  (Henny  et  al .  1974).  Of 
this  group  the  southern  bald  eagle  and 
peregrine  falcon  are  officially  listed  as 
endangered  (Federal  Register  1980). 
Swallow-tailed  kites  and  Cooper's  hawks 
are  proposed  for  inclusion  on  South 
Carolina's  endangered  and  threatened 
species  lists,  respectively  (Gauthreaux  et 
al.  1979,  quoted  in  Sandifer  et  al .  1930). 
Additionally,  the  barn  owl,  great-horned 
owl ,  merlin,  Mississippi  kite,  and  logger- 
head shrike  are  proposed  for  special - 
concern  status  by  South  Carolina.  All  of 
these  species  have  suffered  large  declines 
in  population  size  in  the  South  Carolina 
coastal    zone   in   recent  years. 

Southern  bald  eagle  populations 
appear  to  have  stabilized  in  the  past 
decade.  Breeding  eagles  are  found  along 
tidal  freshwater  stretches  of  the  Potomac 
River  (Lippson  et  al .  1979).  In  South 
Carolina,  areas  of  impounded  marsh,  many 
of  which  are  tidal  freshwater  habitats, 
are  apparently  very  important  for  nesting 
eagles   (Sandifer  et  al .   1930). 

Northern  harriers  (marsh  hawks)  and 
American  kestrels  are  common  in  tidal 
freshwater  marshes,  especially  in  winter. 
Red-shouldered  and  red-tailed  hawks  are 
common  permanent  residents.  Cooper's 
hawks  are  more  likely  to  be  found  in  river 
swamps.        American      swallow- tailed     kites 


prefer  the  ecotone  between  forested  and 
nonforested  habitats.  They  are  most  often 
found  in  the  region  where  the  tidal  fresh- 
water marsh  grades  into  upland  forest  or 
tidal    swamp. 

Populations  of  osprey  are  recovering 
from  their  pesticide-caused  declines  of 
the  1960's.  Ospreys  are  common  along  many 
stretches  of  the  Atlantic  coast.  Breeding 
ospreys  use  tidal  freshwater  wetlands 
around  the  Delaware  Bay  (Hawkins  and  Leek 
1977),  Chesapeake  Bay  (Henny  et  al .  1974), 
and  along  the  Georgia  Bight  (Sandifer  et 
al .  1980).  Henny  et  al .  (1974)  reported 
the  observation  that  nesting  ospreys  use 
man-made  structures  (e.g.,  navigation 
buoys,  towers)  almost  as  much  as  natural 
structures.  This  habit  appears  to  be  more 
prevalent  in  the  Maryland  portions  on  the 
bay.  In  Virginia,  ospreys  are  more  prone 
to  use  trees  such  as  cypress  to  hold  their 
nests   (Henny  et  al .   1974). 

Ospreys  and  bald  eagles  are  highly 
dependent  on  tidal  marshes  for  the  produc- 
tion of  fish,  their  primary  Drey.  Marsh 
hawks  are  also  very  dependent  on  tidal 
wetlands.  All  three  of  these  raptors  can 
use  wetlands  along  the  entire  estuarine 
salinity  gradient,  and  so  are  not 
restricted  to  tidal  freshwaters.  Of  the 
other  birds  of  prey  in  this  group  none  are 
completely  dependent  on  tidal  freshwater 
marshes  since  they  all  can  exploit  a  vari- 
ety of  other  habitats,  both  wetland  and 
upland. 


7.6     GULLS,    TERNS,    KINGFISHERS,    AND    CROWS 

Included  in  this  group  of  20  species 
are  gulls,  terns,  crows,  and  kingfishers. 
Gulls  are  present  during  winter  and  during 
migration.  Common  and  Forster's  terns  are 
present  in  the  summer  and  during  migra- 
tion. Fish  and  American  crows,  laughing 
gulls,  ring-billed  gulls,  and  the  belted 
kingfisher  can  be  found  year-round.  Her- 
ring gulls  and  great  black-backed  gulls 
are  common  winter  residents  of  coastal 
saltwater  areas  which  often  range  up  the 
estuary  to  tidal  freshwater  regions. 
Glaucous  and  Iceland  gulls  are  reported 
from  the  vicinity  of  the  Tinicum  Marsh 
near  Philadelphia,  Pennsylvania. 

McCormick  (1970)   reported  that  these  gulls 
are    attracted    by    garbage    dumps   which   are 
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close  to  these  marshes.  This  may  not 
reflect  true  use  of  the  tidal  freshwater 
wetlands  by  these  species. 

Tidal  creeks,  channels,  and  pools  in 
the  marsh  are  used  for  hunting  fish.  The 
belted  kingfisher,  American  crow,  and  fish 
crow  breed   in  tidal    freshwater  wetlands. 


7.7     ARBOREAL   BIRDS 

This  is  the  largest  group,  comprising 
90  species.  Flycatchers  and  swallows  are 
the  most  important  species  in  this  group. 
Stewart  and  Robbins  (1958)  reported  that 
flocks  of  swallows  numbering  into  the  tens 
of  thousands  could  be  seen  over  tidal 
freshwater  marshes  in  the  upper  Chesapeake 
Bay  during  fall  and  spring  migrations, 
evidently  feeding  on  the  abundant  insect 
fauna  of  the  marsh.  Sandifer  et  al . 
(1980)  noted  that  swallows  were  important 
to  tidal  freshwater  wetlands  in  South 
Carolina  and  Georgia  for  similar  reasons. 
We  have  commonly  observed  flycatchers 
feeding  over  tidal  freshwater  wetlands  in 
Virginia  (Hoover  and  Smith,  personal  ob- 
servations). Species  such  as  eastern 
kingbirds  and  great-crested  flycatchers 
will  perch  in  trees  or  shrubs  along  the 
upland  border  of  the  marsh  in  search  of 
prey.  When  an  insect  is  spotted  flying 
over  the  marsh,  the  bird  darts  out  to 
capture  it.  Both  swallows  and  flycatchers 
are  important  insectivores  in  the  marsh. 
Many  of  the  other  species  listed  in  this 
group  are  birds  of  the  ecotonal  community 
between  the  marsh  and  upland.  The  wood 
warblers  have  mostly  been  reported  from 
tidal  freshwater  marshes  and  swamps  during 
migration.  While  these  warblers  are  in 
transit  between  summer  and  winter  quar- 
ters, these  wetlands  may  provide  important 
temporary  habitat.  The  arboreal  birds  as 
a  group  are  the  least  dependent  on  tidal 
freshwater  marshes   for  their  survival. 


7.8     GROUND   AND   SHRUB   BIRDS 

Fifty-three  species  of  birds  are 
included  in  this  group  which  is  composed 
of  the  emberizids  and  fringilids  (spar- 
rows, juncos,  finches,  blackbirds,  wrens, 
and  several  other  species).  The  seeds  of 
the  high  marsh  plants  which  are  important 
to    other    groups    are   also    the   staple   diet 


of  these  species.  Ten  species  are  record- 
ed as  breeding  in  tidal  freshwater 
marshes,  including  ring-necked  pheasant, 
red-winged  blackbird,  American  goldfinch, 
rufous-sided  towhee,  savannah  sparrow, 
grasshopper  sparrow,  tree  sparrow,  chip- 
ping sparrow,  field  sparrow,  swamp  spar- 
row, and  song  sparrow  (Meanley  and  Webb 
1963;  Hawkins  and  Leek  1977).  Large 
flocks  of  red-winged  blackbirds,  dickcis- 
sels,  and  bobolinks  create  a  spectacular 
sight  in  wildrice  marshes  when  they  con- 
gregate during  early  autumn.  Flocks  num- 
bering into  the  tens  of  thousands  are  com- 
mon. The  timing  of  the  arrival  of  these 
large  flocks  coincides  with  seed  set  by 
the  wildrice.  It  takes  only  a  few  days 
for  these  birds  to  consume  most  of  the 
crop  and  then  move  to  another  marsh. 
Bobolinks  were  referred  to  as  ricebirds  in 
the  last  century  by  plantation  owners  in 
Georgia  and  South  Carolina.  These  birds 
with  their  voracious  appetites  inflicted 
heavy  losses  on  the   rice  crops. 

Of  the  birds  in  this  group,  marsh 
(long-billed)  wrens  and  sedqe  (short- 
billed  marsh)  wrens  are  most  dependent  on 
tidal  freshwater  marshes.  Short-billed 
marsh  wrens  are  most  abundant  in  brackish 
and  saline  environments,  thouqh  they  are 
common  in  tidal  freshwater  marshes. 
Short-billed  marsh  wrens  are  considered  a 
regionally  endangered  species  in  New 
Jersey  (Hientzleman  1971). 


7.9     ENERGY       FLOW      AND      AVIAN      COMMUNITY 
DYNAMICS 

Wiens  (1973)  suqgested  three  possible 
roles  for  birds  in  ecosystems:  (1)  they 
may  directly  effect  the  ecosystem  by 
influencing  the  flow  of  nutrients  and/or 
energy,  (2)  by  acting  as  controlling  fac- 
tors, they  may  help  maintain  stability  in 
the  ecosystem  without  playing  a  major  role 
in  nutrient  and/or  energy  flows,  and  (3) 
they  may  simply  be  frills  living  off  the 
excess  production  of  the  ecosystem  and 
having  no  influence  on  it  whatsoever. 
There  have  been  few  studies  on  the  role  of 
birds  on  energy  and  nutrient  flows  in  eco- 
systems   of   any    type   to   test  Wien's   ideas. 

The  role  of  birds  in  nutrient  cycling 
has  not  been  studied  in  tidal  freshwater 
wetlands.      Bedard    et    al .    (1980)    examined 
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the  effects  of  seabirds  on  nutrient  con- 
centrations within  the  St.  Lawrence  River 
estuary.  The  effect  of  importing  nutri- 
ents to  the  estuary  from  outside  sources 
by  seabirds  was  negligible  compared  to  the 
amount  of  nutrients  already  present  in  the 
system.  Manny  et  al  .  (1975),  McColl  and 
Burger  (1976),  and  Onuf  et  al .  (1977)  pre- 
sented data  to  show  that  on  a  localized 
scale  birds  may  be  quite  important.  In 
these  three  studies,  birds  (Canada  geese, 
Franklin's  gulls,  and  herons,  respective- 
ly) were  shown  to  be  important  by  import- 
ing nitrogen,  phosphorus,  potassium,  and 
organic  carbon  to  wetland  systems.  Manny 
et  al.  (1975)  and  Onuf  et  al.  (1977)  were 
able  to  show  that  the  imported  nutrients 
led  to  increased  levels  of  primary  produc- 
tion. Onuf  et  al .  (1977)  presented  addi- 
tional evidence  to  show  elevated  secondary 
production  in  regions  receiving  nutrient 
inputs  by  herons.  The  input  of  nutrients 
led  to  increased  nitrogen  content  of  the 
plants  (mangroves  in  this  instance)  which 
made  them  more  palatable  to  herbivores. 
On  a  local  scale  then,  birds  can  be  an 
important  vector  in  nutrient  flow. 

In  tidal  freshwater  marshes  migratory 
waterfowl  and  shorebirds  and  the  large 
flocks  of  blackbirds  and  rails  could  pos- 
sibly act  as  nutrient  exporters  since  they 
feed  in  the  wetlands  and  then  leave.  If 
colonially  nesting  species  were  to  develop 
a  colony  in  or  near  a  marsh,  this  could 
certainly  provide  for  an  input  of  nutri- 
ents. 

The  role  of  birds  in  the  energy  flow 
of  marhes  has  likewise  received  little 
attention.  Hawkins  and  Leek  (1977) 
examined  the  breeding  bird  fauna  in  three 
tidal  freshwater  marsh  habitats  in  New 
Jersey.  These  included  a  cattail  marsh, 
high  marsh,  and  low  marsh.  Breeding  bird 
biomass  in  these  marsh  habitats  was  esti- 
mated to  be  0.012-0.017,  0.006,  and  0.007 
g  dry  wt/m2,  respectively.  The  energy 
flow  through  the  breeding  bird  component 
of  this  system  was  estimated  using 
measured  weights  of  birds  present  in  the 
marsh  and  converting  to  energy  using 
standard  metabolic  equations.  Energy  flow 
was  reported  as  0.037-0.050,  0.015,  and 
0.021  kcal/m2/day  in  each  of  the  wetland 
types  studied,  respectively.  Over  the 
50-day  breeding  season  this  represented 
2.82-3.00,  0.90,  and  1.26  kcal/m2.  Day  et 


al  .  (1973)  examined  the  energy  flow  of  the 
entire  salt  marsh/  shallow  bay  region  of 
Barataria  Bay  in  Louisiana.  These  authors 
reported  an  average  yearly  standing  crop 
of  0.044  g  dry  wt/m2  for  the  avian  compo- 
nent of  the  system.  This  value  is  slight- 
ly higher  than  what  Hawkins  and  Leek 
reported  for  only  the  common  breeding 
birds  in  a  tidal  freshwater  marsh.  When 
the  nonbreeding  birds,  uncommon  breeding 
birds,  and  the  juvenile  birds  which  are 
produced  are  included  in  the  calculations, 
the  annual  biomass  of  birds  in  tidal 
freshwater  marshes  will  probably  be  higher 
than  in  salt  or  brackish  marshes.  Day  et 
al .  (1973)  reported  that  total  consumption 
by  the  birds  amounted  to  7.33  g  dry  wt/m2 
for  the  year.  A  portion  of  the  bird's 
consumption  is  returned  to  the  marsh  sur- 
face as  feces.  This  amounted  to  2.20  g 
dry  wt/m2/yr.  Respiration  accounted  for 
5.11  g  dry  wt/m2/yr,  and  the  remaining 
0.022  g  dry  wt/m2/yr  was  production  by  the 
birds.  Day  et  al .  (1973)  state  that  cer- 
tain groups  of  birds,  especially  the  dab- 
bling ducks,  may  be  ten  times  more  abun- 
dant in  nearby  freshwater  marshes.  Energy 
flow  through  the  avifauna  of  tidal  fresh- 
water marshes  may  be  somewhat  higher  than 
in  brackish  and  salt  marshes. 

Although  the  flow  of  energy  through 
the  avian  component  of  tidal  freshwater 
wetlands  represents  only  a  small  portion 
of  the  overall  energy  flow,  birds  can 
exert  other  influences  on  the  system. 
Reed  (1978)  studied  the  effect  of  grazing 
by  snow  geese  on  tidal  freshwater  marshes 
along  the  St.  Lawrence  River  in  Canada. 
He  found  that  increasing  grazing  pressure 
resulted  in  greater  primary  production  by 
three-square,  the  dominant  plant.  Hence 
grazing  facilitated  energy  flow  through 
the  entire  system.  Along  the  mid-Atlantic 
coast,  however,  snow  geese  are  much  more 
common  in  salt  marshes.  They  can  drastic- 
ally reduce  primary  production  and  cause 
changes  in  species  composition  of  the 
marsh  vegetation  (Lynch  et  al .  1947;  Smith 
and  Odum  1981;  Smith  1983).  Canada  qeese 
have  been  reported  to  cause  temporary, 
local  loss  of  vegetation  from  tidal  fresh- 
water wetlands  through  overgrazing  (Smith, 
personal  observation).  Thus,  organisms 
which  account  for  only  small  fractions  of 
the  total  energy  flow  may  have  more  impor- 
tant impacts  on  the  system  than  energy 
flow  alone  would  suggest. 
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CHAPTER  8.   COMMUNITY  COMPONENTS:   MAMMALS 


8.1  SPECIES  OCCURRENCE 

The  45  species  of  mammals  that  we 
have  found  to  be  reported  from  tidal 
freshwater  marshes  (Appendix  E)  range  from 
abundant,  almost  ubiquitous  species  such 
as  the  Virginia  opossum,  to  relatively 
rare  or  localized  species  such  as  the 
nine-banded  armadillo.  In  this  section  we 
have  chosen  to  focus  only  on  the  common  or 
ecologically  important  species.  Due  to 
the  lack  of  published  studies  restricted 
to  tidal  freshwater  marshes,  regional 
occurrences  listed  in  Appendix  E  should 
not  be  construed  as  comprehensive. 

A  variety  of  mammals  utilize  the 
tidal  freshwater  marsh  as  year-round  resi- 
dents (Table  21a).  All  of  these  species 
have  the  following  characteristics:  (1) 
they  are  capable  of  obtaining  all  of  their 
nutritional  needs  from  within  the  tidal 
habitat  (note  that  these 
either  herbivorous  or  omniv- 
they  have  a  fur  coat  which  is 
impervious  to  water,  and 
have  the  ability  to  nest  (and 
in  more  northern  areas)  within 
in  a  submerged  lodge  or  a 


freshwater 
species  are 
orous),  (2) 
relatively 
(3)  tney 
hibernate 
the  marsh  either 
nest  elevated  on  vegetation.  A  variety  of 
other  species  are  unable  to  exist  in  the 
tidal  freshwater  marsh  habitat  on  a  perma- 
nent basis,  but  make  periodic  feeding 
forays  into  the  marsh  (Table  21b). 

Of  the  species  listed  in  Appendix  E 
and  Tables  21a  and  21b,  those  which  appear 
to  be  most  dependent  upon  the  tidal  fresh- 
water marsh  habitat  include  the  river 
otter,  muskrat,  nutria,  mink,  eastern 
raccoon,  marsh  rabbit,  and  marsh  rice  rat. 
This  does  not  imply,  of  course,  that  these 
species  do  not  use  alternate  habitat  such 
as  swamps,  river  bottom  floodplains,  and 
freshwater  streams. 


Table  21a.  Examples  of  mammals  commonly 
found  in  tidal  freshwater  marshes  as  year- 
round  residents. 


Star-nosed  mole 

Marsh  rabbit 

Beaver 

Marsh  rice  rat 

Muskrat 


Meadow  vole 

Nutria 

Eastern  raccoon 

River  otter 

Mink 


Table  21b.  Examples  of  mammals  which  make 
forays  into  tidal  freshwater  marshes  for 
feeding  purposes,  but  which  are  not  con- 
sidered permanent  residents. 


Virginia  opossum 
Least  and  short-tailed 

shrews 
Big  brown  bat 
House  mouse 
Norway  rat 


Red  and  gray  fox 
Striped  skunk 

Bobcat 
White-tailed  deer 


Comparisons  of  mammal  species  diver- 
sity between  tidal  freshwater  marshes  on 
one  hand  and  saline  marshes,  nontidal 
freshwater  marshes  and  swamps  on  the 
other,  have  generally  not  been  made.  We 
suspect  that  species  diversity  is  signifi- 
cantly higher  in  tidal  freshwater  marshes 
than  in  saline  marshes;  however,  data  for 
comparison  with  nontidal  freshwater  and 
upland  habitats  are  generally  lacking  for 
the  east  coast. 


8.2  ROLES  IN  MARSH  ECOLOGY 


Unfortunately, 
about  the  ecological 


not  much  is  known 
interactions  between 
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the  various  species  of  mammals  in  tidal 
freshwater  marshes.  Most  information 
which  is  available  comes  from  research  in 
the  wetlands  of  Louisiana  or  the  oligoha- 
line  stretches  of  east  coast  marshes. 
Neither  habitat  is  directly  comparable  to 
tidal  freshwater  marshes.  For  this  reason 
much  of  the  information  which  follows  in 
this  section  should  be  regarded  as  either 
extrapolations  or  guesswork  based  on 
information  from  better  studied  habitats. 

In  reviewing  the  following  material 
two  points  should  be  remembered.  (1)  The 
process  of  herbivory  is  probably  important 
both  directly  as  an  impact  on  the  struc- 
ture of  the  tidal  freshwater  plant  commu- 
nity and  indirectly  through  its  effect  on 
substrate  morphology  and  integrity.  (2) 
The  higher  trophic  levels  (predators)  are 
probably  not  as  important  to  the  structure 
and  functioning  of  the  tidal  freshwater 
marsh  community. 

Herbivores 

Weller  (1973)  states  that  the 
activity  of  herbivorous  animals  is  the 
most  important  factor,  after  fluctuations 
in  water  level,  in  structuring  plant  com- 
munities in  nontidal  freshwater  wetlands. 
In  tidal  freshwater  wetlands  this  is  also 
probably  true  with  only  tidal  action  it- 
self being  more  important.  A  large  number 
of  the  mammals  which  are  found  in  tidal 
freshwater  wetlands  are  herbivorous 
(Appendix  E).  Small  mammals  such  as  mice 
in  the  genus  Peromyscus  fall  into  this 
trophic  category.  The  white- tailed  deer 
also  feeds  on  the  leaves  and  stems  of  wild 
rice,  cattails,  and  other  wetland  plants 
(Figure  29).  However,  herbivorous  musk- 
rats,  nutria,  and  beavers  influence  wet- 
land vegetation  to  the  greatest  extent. 

Muskrats  are  found  in  a  variety  of 
marsh  types;  from  nontidal  freshwater 
marshes  of  the  Midwest  to  tidal  salt- 
marshes  of  the  Atlantic  and  Gulf  coasts. 
Tidal  freshwater  marshes  dominated  by 
sweetflag,  arrow-arum,  and  wild  rice  are 
considered  favored  habitat  for  muskrats 
along  the  Atlantic  coast  (McCormick  and 
Sones  1982).  Threesquare  and  cattail 
marshes  along  the  eastern  seaboard  are 
also  considered  prime  muskrat  habitat 
(McCormick  and  Somes  1982).  Wass  and 
Wilkins   (1978)   reported   high  muskrat 


Figure  29.  White- tailed  deer  feeding  in  a 
Virginia  tidal  freshwater  marsh.  Photo- 
graph by  Michael  Dunn. 


densities  (2.25  active  houses/  hectare)  in 
a  tidal  freshwater  marsh  dominated  by 
burmarigold  on  the  James  River.  In 
Louisiana  muskrats  appear  to  be  most  abun- 
dant in  brackish  and  oligohaline  marshes 
in  which  threesquare  rushes  (Scirpus 
americanus  and  S_.  olneyi )  are  the  dominant 
plants  (Palmisano  1972). 

Surprisingly,  the  muskrat  is  not 
found  in  the  coastal  marshes  of  Georgia 
and  most  of  South  Carolina,  although  it 
occurs  in  the  piedmont  regions  of  both 
states.  The  more  southern  distributed 
muskrat,  the  round-tailed  muskrat 
(Neofiber  alleni),  occurs  inland  in  south 
Georgia  (as  close  to  the  coast  as  the 
Okeefeenokee  Basin).  It  would  not  be  sur- 
prising to  find  this  muskrat  eventually 
extending  its  range  into  the  tidal  fresh- 
water habitat  along  the  Georgia  coast. 

Muskrats  feed  extensively  on  the 
shoots,  roots,  and  rhizomes  of  three- 
squares,  cattail,  sweetflag,  arrow-arum, 
and  other  marsh  plants.  These  plants  may 
represent  almost  80%  (by  weight)  of  the 
muskrat  diet.  The  young  shoots,  which  are 
high  in  nutrients,  especially  nitrogen, 
and  older  stems  are  favored  in  the  spring 
and  summer,  respectively  (Weller  1981). 
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Leaves  of  marsh  plants  are  seldom,  if 
ever,  consumed.  During  the  winter  months 
roots  and  rhizomes  comprise  almost  100%  of 
the  muskrat  diet  (Stearns  and  Goodwin 
1941).  The  activity  of  muskrats  in  dig- 
ging up  roots  and  rhizomes  can  have 
deleterious  effects  on  marsh  soils.  Roots 
and  rhizomes  of  marsh  plants  are  the 
fibers  which  bind  the  marsh  substrate. 
When  muskrats  remove  these  plant  organs, 
the  substrate  lacks  cohesiveness  and  is 
easily  resuspended  and  may  be  washed  away 
by  storms  and  even  normal  tidal  action 
(Lynch  et  al .  1947).  Muskrats  harvest  a 
larger  mass  of  above-ground  plant  parts 
(leaves  and  stems)  than  below-ground  plant 
parts.  Above-ground  portions  of  the  vege- 
tation are  used  in  construction  of  their 
houses  and  feeding  platforms.  Muskrat 
houses  may  be  2-3  m  (5-10  ft)  wide  at  the 
base  and  2  m  (6  ft)  tall.  Often  mud  and 
sticks  are  worked  into  the  house  to 
strengthen  it.  It  is  common  to  see  upland 
vegetation  sprouting  from  the  tops  of 
those  muskrat  houses  which  are  not  inun- 
dated by  tides. 

The  muskrats'  practices  of  digging  up 
roots  and  rhizomes  for  food  and  of  clear- 
ing large  areas  of  above  ground  vegetation 
for  houses  could  potentially  cause  denud- 
ing and  disruption  of  large  areas  of  marsh 
(Lay  and  O'Neil  1942;  Lynch  et  al .  1947; 
Weller  1981).  The  practices  of  snow  geese 
have  similar  effects  on  salt  marshes 
(Smith  and  Odum  1981,  Smith  1983).  Areas 
of  the  marsh  which  are  heavily  grazed  and 
disrupted  by  muskrats  (or  geese)  are 
referred  to  as  eat-outs  by  marsh  managers. 
Eat-outs  may  range  up  to  several  square 
kilometers  in  area  (Lynch  et  al .  1947). 
Generally,  the  influence  of  muskrats  on 
the  vegetation  is  not  this  severe. 
Initially  a  small  clearing  is  created 
immediately  around  the  house.  If  there 
are  many  muskrat  families  present  in  a 
given  marsh,  this  will  result  in  many 
small  openings  in  the  vegetation. 
Numerous  small  open  areas  actually  benefit 
a  variety  of  other  wetland  species  includ- 
ing waterfowl,  grebes,  and  herons  (Weller 
and  Spatcher  1955,  Weller  and  Fredrickson 
1974).  Continued  muskrat  activity  may 
enlarge  and  deepen  these  initial  excava- 
tions. Arrowheads,  arrow-arum,  and  spat- 
terdock  may  become  established  in  the 
small  ponds  which  open  around  muskrat 
lodges    (Meanley    1975).      When    the   muskrat 


population  grows  to  high  densities,  these 
small  openings  are  enlarged  and  may  be 
joined  to  other  openings  nearby.  It  is 
estimated  that  if  the  muskrat  population 
reaches  densities  greater  than  75  individ- 
uals per  hectare  (30/acre) ,  losses  of 
vegetation  and  accompanying  population 
crashes  are  likely  (Dozier  et  al .  1948, 
Errington  1953,  Wilson  1968,  Weller  1981). 
Eat-outs  are  usually  revegetated  within 
several  years  depending  on  climatic  condi- 
tions and  the  severity  of  the  eat-out 
(Lynch  et  al .  1947).  In  cases  where  lit- 
tle vegetation  remains  or  storms  have 
washed  away  the  marsh  soils,  revegetation 
may  not  occur  for  10-15  years.  Lynch 
et  al .  (1947)  and  Weller  (1931)  presented 
excellent  discussions  of  the  various  suc- 
cess ional  pathways  which  may  be  followed 
after  marshes  have  been  grazed  by  muskrats 
(or  geese).  Unfortunately,  their  work 
deals  with  brackish  marshes  and  nontidal 
freshwater  marshes,  respectively.  In  a 
general  manner  their  results  probably  hold 
for     tidal      freshwater     marshes     as     well. 

Along  the  Atlantic  coast,  nutria  are 
common  in  Maryland  and  North  Carolina 
(Evans  1970),  especially  in  Dorchester  and 
Somerset  Counties,  Maryland.  The  distri- 
bution of  nutria  in  Virginia  is  not  well 
known.  Evans  (1970)  presents  distribution 
maps  showing  that  tidal  freshwater  reaches 
of  the  James,  Chickahominy,  Pamunkey, 
Mattaponi,  and  Rappahannock  Rivers  are 
inhabited  by  nutria.  Wass  (1972)  stated 
that  nutria  are  abundant  in  the  oligoha- 
line  marshes  around  Back  Bay,  Virginia, 
but  did  not  mention  their  occurrence  in 
any  of  Virginia's  tidal  river  marshes. 
These  marshes  abound  with  muskrats  and 
would  seem  to  be  ideal  nutria  habitat 
also.  Lippson  et  al .  (1979)  stated  that 
nutria  are  present  in  moderate  numbers 
along  the  Potomac  River. 

Nutria  are  ecologically  similar  to 
muskrats.  A  small  difference  is  that  nu- 
tria feed  more  heavily  on  leaves  of  marsh 
plants  than  do  muskrats.  Leaves  may  make 
up  20%  of  their  diet  at  certain  times  of 
the  year  (Willner  et  al .  1979).  During 
most  of  the  year,  roots  and  rhizomes  com- 
prise the  bulk  (70%)  of  the  nutria's  diet 
(Willner  et  al .  1979).  Because  their 
habitats  and  feeding  habits  are  similar, 
nutria  and  muskrats  may  be  competitors. 
Interactions     between     these     two     species 
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have  not  been  directly  studied.  Studies  in 
Louisiana  indicate  that  nutria  have  a 
greater  preference  for  freshwater  marshes 
than  do  muskrats  (Wilson  1968,  Palmisano 
1972).  Along  the  Atlantic  coast  nutria 
and  muskrats  appear  to  be  found  in  the 
same  types  of  marshes,  ranging  from  oligo- 
haline  threesquare  marshes  to  tidal  fresh- 
water wetlands  at  the  heads  of  estuaries 
(Evans  1970,  Liposon  et  al .  1979). 

Direct  field  experiments  will  be 
required  to  fully  understand  the  ecologi- 
cal relationships  between  nutria  and  musk- 
rats. 

Nutria  are  not  tolerant  of  cold  tem- 
peratures and  are  often  killed  by  hard 
freezes.  (Willner  et  al .  1979).  During 
the  winter  of  1976-1977  substantial  nutria 
mortality  was  noted  by  Willner  and  co- 
workers in  the  marshes  of  Dorchester 
County,  Maryland.  They  reported  it  common 
to  find  dead  nutria  with  extensive  frost- 
bite damage  to  feet  and  tails.  It  is  not 
likely  that  nutria  will  expand  their  range 
northward.  However,  they  could  easily 
move  into  tidal  wetlands  in  South  Carolina 
and  Georgia. 

Beavers  are  becoming  more  common, 
especially  in  the  tidal  freshwater  marshes 
at  the  headwaters  of  the  tributaries  to 
Chesapeake  Bay.  Often  beavers  will  dam 
the  upper  reaches  of  a  tidal  freshwater 
stream,  cutting  off  the  influence  of  the 
tide  (Figure  30).  We  have  observed  the 
activities  of  beavers  on  a  tributary  of 


the  Chickahominy  River  in  Virginia.  Wild 
rice  was  growing  on  both  sides  of  the  dam. 
The  only  noticeable  difference  was  that  on 
the  upstream  side  the  wild  rice  was  much 
more  open  and  generally  less  dense  than  on 
the  downstream  side.  The  influence  of 
beavers  in  other  habitats  is  well  known 
and  they  obviously  can  have  an  impact  on 
tidal  freshwater  marshes.  The  nature  of 
the  effect  of  beavers  needs  to  be  studied 
in  detail . 

Carnivores 

From  an  economic  standpoint,  the  most 
important  carnivorous  mammals  in  tidal 
freshwater  marshes  are  the  raccoon,  mink, 
and  river  otter.  These  species  are  very 
important  to  the  fur  trade  in  the  United 
States  (Chabreck  1979).  Raccoons  prey 
heavily  on  juvenile  muskrats  and  may  play 
a  role  in  controlling  the  size  of  muskrat 
populations.  Predation  by  raccoons  may 
keep  muskrat  populations  below  the  levels 
where  they  will  damage  marsh  vegetation 
and/or  where  it  is  feasible  to  harvest 
them  (Wilson  1953).  Mink  and  river  otter 
occasionally  prey  on  muskrats  (Wilson 
1954).  For  the  mink,  however,  mice, 
voles,  and  small  birds  are  more  important 
food  items.  River  otter  feed  primarily  on 
fish,  taking  only  small  amounts  of  other 
foods  (Wilson  1954). 

Except  for  the  relation  between  rac- 
coons and  their  muskrat  prey,  the  rela- 
tionships between  mammalian  oredators  and 
their  prey  in  wetlands  are  poorly  under- 


Figure  30. 
Vi  rginia. 


Beaver  dam  on  a  tidal  freshwater  marsh  stream   near  the  Potomac  River, 
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stood.  We  do  not  know  if  any  carnivores 
are  acting  as  keystone  predators,  keeping 
their  prey  populations  in  check.  The  role 
of  carnivores  on  nutrient  and  energy  flows 
within  wetlands  is  not  understood. 


8.3  ECONOMIC  VALUE 

While  it  is  clear  that  a  number  of 
mammals  of  the  tidal  freshwater  marsh  have 
valuable  pelts  (e.g.,  otter,  mink,  musk- 
rat,  nutria,  and  raccoon)  and  that  pelts 
from  this  habitat  enter  the 
market,  the  magnitude  of  this 
tion  is  not  known.  This 
detailed  harvest  records  are 
able;  the  origin  of  muskrat 
tidal  freshwater,  oligohaline, 


commercial 
fur  produc- 
is  because 
not  avail  - 
pelts  from 
and  estu- 

arine  habitats  is  not  differentiated  by 
most  of  the  State  and  Federal  agencies 
which  keep  fur  production  records. 
Louisiana  is  one  exception  and  records 
from  this  state  offer  some  insight  into 


the  relative 
water  marshes 


importance  of  tidal 
as  fur  producers. 


fresh- 


Data  gathered  by  Palmisano  (1972)  and 
Chabreck  (1979)  are  summarized  in  Table 
22.   As  shown  by  this  table,  freshwater 


marshes  are  most  important  for  nutria; 
oligohaline  marshes  for  muskrats;  and 
swamps  for  mink,  raccoon,  and  river  otter. 
The  harvest  of  muskrats  is  greater  in 
freshwater  marshes  than  in  swamps  and  is 
at  least  comparable  to  that  of  brackish 
and  oligohaline  marshes.  Harvest  of  all 
other  species  is  greatest  in  the  fresh- 
water wetlands  (marshes  and  swamps)  than 
in  the  other  categories.  In  terms  of  dol- 
lars, the  freshwater  marshes  are  second  in 
value  to  swamps.  Swamps  gain  their  value 
based  on  the  large  catch  of  river  otter, 
valued  at  close  to  $50  per  skin. 

Of  course,  this  data  cannot  be 
extrapolated  directly  to  east  coast  tidal 
marshes.  Louisiana  fresh  marshes  are 
often  nontidal  or  affected  only  by  irregu- 
lar, wind-driven  tides;  as  a  result,  the 
vegetation  is  considerably  different  from 
east  coast  tidal  freshwater  marshes. 
Nevertheless,  the  Louisiana  data  suggest 
that  muskrat  harvest  from  tidal  freshwater 
marshes  on  the  east  coast  must  be  substan- 
tial and  that  harvest  of  beaver,  mink, 
otter,  and  nutria  is  probably  greater  from 
tidal  freshwater  than  that  from  areas  of 
higher  salinties.  Our  personal  observa- 
tions from  Virginia  and  Maryland  tend  to 
support  this  speculative  hypothesis. 


Table  22.  Mean  number  of  aquatic  furbearers  harvested  per  400  hectares 
988  (1000  acres)  according  to  marsh  type.  Data  originally  from  Palmisano 
(1972)  and  Chabreck  (1979). 


Marsh 

type 

Species 

Brackish 

01  igohal ine 

Fresh 

Swamp 

Muskrat 

84 

97 

78 

42 

Nutria 

86 

285 

513 

341 

Mink 

1 

1 

2 

73 

River  otter 

3 

1 

6 

98 

Raccoon 

1 

1 

1 

2 

Total  Value 
($/400  ha) 

$1124 

$2752 

$4564 

$5040 
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CHAPTER  9.  VALUES,  ALTERATIONS,  AND  MANAGEMENT  PRACTICES 


9.1     VALUE  TO  MAN 

In  reviewing  the  material  presented 
in  the  first  eight  chapters,  it  becomes 
clear  that  tidal  freshwater  wetland  eco- 
systems have  a  considerable  inherent  value 
to  man.  Both  direct  and  indirect  values 
are  involved.  Unfortunately,  both  cate- 
gories of  values  tend  to  defy  conventional 
economic  analysis,  and  it  is  very  diffi- 
cult to  place  an  economic  value  on  these 
wetlands.  After  examining  the  following 
listing,  we  have  concluded  that  tidal 
freshwater  wetlands  are  best  regarded  as 
"priceless". 

Fisheries 

A  number  of  species  of  freshwater, 
estuarine,  marine,  and  anadromous  fishes 
use  tidal  freshwater  at  some  stage  in 
their  life  histories  (see  Chapter  5). 
This  results  in  extensive  sport  and  com- 
mercial fisheries  in  most  tidal  freshwater 
rivers.  As  an  example,  the  Potomac  River 
supports  a  commercial  fishery  worth  sever- 
al million  dollars.  A  relatively  small 
portion  of  the  Potomac  catch  actually 
comes  from  tidal  freshwater  (Table  23a). 
However,  close  examination  of  the  total 
river  catch  (Table  23b)  reveals  that  the 
leading  eight  species  spend  part  of  their 
life  cycle  in  tidal  freshwater  even  though 
they  may  be  captured  further  downstream. 
There  are  also  fish  not  represented  in 
Table  23a,  that  utilize  tidal  freshwater 
as  a  nursery  area,  invade  or  pass  through 
as  juveniles  or  adults,  and  may  be  eventu- 
ally caught  at  a  distant  location.  The 
Atlantic  menhaden  and  striped  bass  are 
examples . 

Sport  fisheries'  catches  from  tidal 
freshwater  are  not  well  documented  but  are 
apparently  high  (personal  observation). 


Table  23a.  Commercial  fish  harvest  from 
the  tidal  freshwater  portion  of  the  Poto- 
mac River.  Values  are  in  pounds/year 
averaged  for  the  period  1964-1971.  From 
Lippson  et  al .  1979. 


1. 

Catfish  (brown 

bullhead, 

138,872 

white  and  ch 

annel 

catfis 

■h) 

2. 

Striped  bass 

34,211 

3. 

American  eel 

28,028 

4. 

American  shad 

18,203 

5. 

White  perch 

5,449 

6. 

Carp 

5,064 

7. 

Alewife  and  bli 

jeback 

herring 

1,121 

8. 

Yellow  perch 

754 

9. 

Crappies 

187 

10. 

Hickory  shad 

Total 

22 
231,911 

Table  23b.  Commercial  fish  harvest  from 
the  entire  tidal  Potomac  River.  Values 
are  in  pounds/year  averaged  for  the  period 
1964-1971.   From  Lippson  et  al .  1979. 


1.  Alewife  and  blueback  7,044,637 

herring 

2.  Atlantic  menhaden  3,952,136 

3.  Striped  bass  1,117,248 

4.  Spot  422,691 

5.  American  shad  366,495 

6.  American  eel  340,738 

7.  White  perch  191,327 

8.  Catfish  (same  as  Table  a)  161,088 

9.  Flounders  47,309 
10.     Bluefish  44,356 

Total  13,688,025 
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Important  sport  fishes  include  striped 
bass,  largemouth  bass,  white  perch,  sever- 
al species  of  catfish  and  sunfish,  crap- 
pie,  pickerel,  and  yellow  perch.  The 
quality  of  sportfishing  can  be  excellent. 
For  example,  the  Chicka hominy  River 
provides  some  of  the  most  consistent  and 
productive  fishing  in  the  state  of 
Virginia. 

Trapping 

As  discussed  in  Chapter  8,  tidal 
freshwater  marshes  provide  excellent  habi- 
tat for  a  variety  of  mammals  including 
valuable  fur  bearers  such  as  beaver, 
nutria,  muskrat,  raccoon,  and  otter.  A 
significant,  but  undocumented  portion  of 
the  fur  production  of  Virginia,  Delaware, 
Maryland,  and  New  Jersey  comes  from  these 
marshes. 

Birds 

We  have  attempted  to  emphasize  the 
diversity  of  birds  found  in  tidal  fresh- 
water marshes  in  Chapter  7.  This  habitat 
provides  an  important  location  for  breed- 
ing, feeding,  and  stopovers  during  migra- 
tory movement.  Resident  and  visiting 
birds  include  those  of  considerable  recre- 
ational importance  (ducks  and  geese)  as 
well  as  birds  of  interest  to  birdwatchers. 

Endangered  Species 

We  have  been  unable  to  identify  any 
endangered  animal  species  which  is  solely 
dependent  upon  tidal  freshwater.  There 
are  several  endangered  and  threatened 
animals,  however,  which  use  these  areas 
extensively.  These  include  the  peregrin 
falcon,  the  American  bald  eagle,  the 
American  alligator  (south  of  Virginia), 
and  the  short  nose  sturgeon. 

Ferren  and  Schulyler  (1980)  mentioned 
that  a  number  of  rare  plant  species  occur 
in  tidal  freshwater  wetlands.  Further- 
more, they  have  documented  the  extirpation 
(local  eradication)  of  six  plant  species 
from  tidal  freshwater  sections  of  the 
Delaware  River,  seven  from  the  Schuylkill 
River  and,  possibly,  five  or  more  species 
from  the  Raritan  River.  Factors  consid- 
ered responsible  for  the  extirpations 
include  dumping  of  dredge  spoil,  landfill, 
and  refuse  as  well  as  bul kneading,  damming 


of  tributaries,  and  diking  of  wetlands. 

Aesthetic  Value 

Considerations  of  aesthetic  value  are 
complicated  by  extreme  subjectivity  and 
lack  of  easily  quantifiable  variables.  In 
spite  of  this,  tidal  freshwater  wetlands 
appear  to  have  a  broad  appeal  to  many 
types  of  people.  The  combination  of  (1) 
diverse  plant  communities,  (2)  plentiful 
wildlife,  (3)  diversity  of  landscape  types 
(forest,  marsh,  waterways)  in  close  juxta- 
position, (4)  broad  expanses  of  open  land, 
(5)  numerous  flowering  plants,  and  (6)  a 
diversity  of  plant  types  ranging  from 
broadleaf  to  grasses  and  ferns  produces  an 
area  with  a  great  deal  of  appeal  for  art- 
ists, sportsmen,  naturalists,  scientists, 
and  others.  Further  amplifying  this  high 
aesthetic  appeal  is  the  occurrence  of  many 
tidal  freshwater  wetlands  in  close  oroxim- 
ity  to  major  urban  areas,  such  as  Boston, 
New  York  City,  Philadelphia,  and 
Washington,  D.C. 

Value  as  a  Buffer 

As  pointed  out  by  Simpson  et  al . 
(1983)  tidal  freshwater  marshes  lie  in  an 
intermediate  position  between  coastal 
waters  and  marshes  on  one  side  and  upland 
land  and  streams  on  the  other.  Pollutants 
(heavy  metals,  nutrients)  and  suspended 
sediments  from  upstream  sources  can  be  at 
least  partially  intercepted  and  processed 
in  the  tidal  freshwater  system.  Sediments 
are  trapped  by  reduced  flows  on  top  of  the 
marsh  surface  with  the  result  that  down- 
stream loadings  on  the  estuary  are 
reduced.  As  shown  by  Grant  and  Patrick 
(1970),  eutrophic  river  water  is  processed 
in  the  tidal  freshwater  marsh  by  a  combi- 
nation of  sediments,  bacteria,  algae,  and 
vascular  plants.  The  result  is  that 
reductions  may  occur  in  nutrient  concen- 
trations, BOD  (biological  oxygen  demand), 
COD  (chemical  oxygen  demand),  and  sediment 
loads.  In  certain  cases  marsh  plants  may 
raise  the  dissolved  oxygen  concentration 
of  the  river  water  flowing  through  the 
marsh  on  the  rising  tide.  The  net  result 
is  that  the  tidal  freshwater  marsh  can  act 
as  a  partial  filter  to  improve  the  water 
quality  of  freshwater  flowing  into  the 
head  of  the  estuary.  The  magnitude  of 
this  cleansing  action  is  not  well  docu- 
mented. Certainly,  it  must  vary  from  one 
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estuary  to  the  next  dependinq  upon  rela- 
tive inputs  of  river  and  tidal  water,  the 
degree  of  eutrophication  of  inflowinq 
water,  the  extent  of  tidal  freshwater  wet- 
land, and  the  time  of  year. 


9.2  CONNECTIONS  WITH  ADJACENT  ECOSYSTEMS 

In  any  consideration  of  the  manage- 
ment of  tidal  freshwater  wetland  ecosys- 
tems, it  is  important  to  recognize  that 
these  are  extremely  open  ecosystems  and 
are  coupled  with  a  variety  of  nearby  sys- 
tems. By  "open"  we  mean  that  significant 
flows  of  nutrients,  including  carbon,  move 
between  tidal  freshwater  wetlands  and 
nearby  systems  such  as  terrestrial  upland 
forests,  tidal  swamp  forests,  nontidal  and 
tidal  freshwater  rivers,  and  downstream 
oligohaline  marshes.  For  example,  as  we 
discussed  in  Chapter  3,  inputs  of  nitrogen 
and  phosphorus  to  tidal  freshwater  marshes 
can  come  from  the  adjacent  river  water  as 
well  as  from  upland  terrestrial  sources. 
This  means  that  attempts  to  manage  tidal 
freshwater  wetlands  must  also  include 
considerations  of  human  activities  in 
nearby  associated  systems.  There  are  many 
situations  similar  to  the  Tinicum  Marsh  on 
the  Delaware  River  (Grant  and  Patrick 
1970).  The  marsh  itself  thas  been  pre- 
served with  no  direct  alterations.  How- 
ever, it  has  been  badly  degraded  by  activ- 
ities (sewage  and  waste  dumping)  further 
upstream. 


9.3  ALTERATIONS  SY  MAN 

Historical  Aspects 

Since  the  arrival  of  the  first  colo- 
nists at  Jamestown,  Virginia,  tidal  fresh- 
water wetlands  have  undergone  a  continuing 
progression  of  alterations  and  changes, 
resulting  from  human  activities.  Almost 
all  of  this  habitat  on  the  Atlantic  coast 
is  in  the  13  original  colonies;  much  of  it 
lies  adjacent  to  major  cities.  Most  tidal 
freshwater  wetlands  are  connected  to 
rivers  whose  watersheds  have  been  dramat- 
ically altered  over  the  past  three  cen- 
turies. Poor  farming  practices  combined 
with  extensive  forest  clearing  and  land 
development  have  produced  heavy  loads  of 
sediments  and  dissolved  nutrients  in  the 
freshwaters  flowing  into  tidal  freshwater 


regions.  Local  inputs  of  sewage  and  other 
wastes  have  exacerbated  the  problem.  The 
results  are  manifold:  (1)  rapid  sediment 
deposition  rates  on  the  wetland  surfaces 
(Chapter  1),  (2)  hypereutrophication  at 
many  sites  (Chapter  3),  and  (3)  alteration 
of  plant  and  animal  community  composition. 

In  colonial  times  in  the  Northeast 
and  mid-Atlantic  States,  mill  ponds  were 
constructed  across  the  upper  ends  of  many 
tidal  freshwater  sites.  In  most  cases, 
these  unused  ponds  remain,  partially 
filled  with  sediment,  and  covering  sites 
of  former  tidal  freshwater  marshes. 

Ricefield  Conversions 

In  the  Southeast  during  the  18th  and 
first  half  of  the  19th  centuries,  slave 
labor  converted  thousands  of  hectares  of 
freshwater  tidal  marsh  and  swamp  to  diked 
ricefields  (Figure  31).  Some  of  these 
diked  areas,  particularly  in  South 
Carolina,  are  now  managed  for  waterfowl, 
trapping,  and  even  aquaculture  (Sandifer 
et  al.  1980).  Many  other  former  rice- 
fields  still  exist.  These  ricefields  are 
in  disrepair  and  have  perforated  dikes 
which  allow  the  tide  to  rise  and  fall  nor- 
mally. These  areas  are  covered  with  a 
typical  freshwater  marsh  plant  community 
dominated  by  giant  cutgrass.  Management 
options  for  these  old  ricefields  range 
from  continued  control  for  waterfowl  pro- 
duction to  complete  abandonment  and  a 
return  to  tidal  freshwater  marsh.  Correct 
management  decisions  for  individual  loca- 
tions are  usually  difficult  to  reach. 
Often,  the  answer  is  determined  by  site- 
specific  characteristics  such  as  the  num- 
Der  of  waterfowl  supported  in  the  managed 
marsh  versus  the  amount  of  juvenile  fishes 
supported  by  the  natural  marsh. 

Twentieth  Century  Problems 

The  pattern  of  alterations  begun  in 
colonial  times  continues  unabated  in  the 
late  twentieth  century.  High  sedimenta- 
tion rates  in  tidal  freshwater  marshes 
still  occur  because  of  poor  land  use  prac- 
tices upstream.  Interruption  of  fresh- 
water input  from  upstream  sources  is 
caused  by  diversions  for  irrigation  and 
navigation  purposes  and  is  widespread. 
Two  recent  large  diversions  in  the  South- 
east, the  Santee-Cooper  diversion  in  South 
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Figure  31.  Abandoned  ricefields.   Photograph  by  Dennis  Allen. 


Carolina  for  facilitating  hydroelectric 
power  generation  and  the  partial  diversion 
of  the  Savannah  River  between  South  Caro- 
lina and  Georgia  for  navigation  concerns, 
have  caused  upstream  salinity  increases 
and  conversion  of  tidal  freshwater  wet- 
lands to  oligohaline  wetlands. 

Diking,  dredging,  and  filling  of 
tidal  freshwater  wetlands  have  occurred 
throughout  the  Northeast  and  mid-Atlantic 
States.  Some  of  the  most  damaging  epi- 
sodes have  occurred  on  the  Connecticut, 
Hudson,  Delaware,  and  Potomac  Rivers 
(personal  observation).  A  characteristic 
sign  of  this  type  of  alteration  is  the 
profusion  of  monotypic  stands  of  the  com- 
mon reed  (Phragmites  austral  is)  on  many  of 
these  sites. 

As  mentioned  in  Chapter  3,  eutrophi- 
cation  of  tidal  freshwater  is  a  widespread 
and  persistent  problem  at  many  locations. 
On  many  of  the  tidal  freshwater  stretches 
of  the  Potomac  and  Delaware  Rivers, 
eutrophication,  in  combination  with  sig- 
nificant heavy  metal  inputs,  has  led  to 
drastically  lowered  dissolved  oxygen  con- 
centrations and  to  simplified  animal  com- 
munities (fewer  species). 

Pesticide  contamination  of  tidal  fresh- 
water wetlands  does  not  appear  to  be 


generally  well  documented.  However,  the 
most  serious  kepone  contamination  from  the 
Allied  Chemical  spill  occurred  in  the 
tidal  freshwater  zone  of  the  James  River, 
Virginia  (Drifmeyer  et  al .  1980).  Even 
today,  many  years  after  the  event,  many 
fisheries  remain  closed  in  the  tidal 
freshwater  James  River  because  of  contin- 
uing contamination. 

Alteration  of  tidal  freshwater  wet- 
land ecosystems  is  a  problem  which  began 
in  colonial  times  and  has  become  even 
worse  in  the  twentieth  century.  The  close 
proximity  of  this  habitat  to  large  urban 
areas,  shipping  channels,  and  industrial 
sites  has  produced  a  multitude  of  problems 
ranging  from  direct  impacts  such  as  diking 
to  more  subtle  changes  resulting  from 
eutrophication. 


9.4  POTENTIAL  FOR  SEWAGE  ASSIMILATION 

Grant  and  Patrick  (1970),  in  one  of 
the  earliest  holistic  studies  of  a  tidal 
freshwater  marsh,  concluded  that  consider- 
able potential  existed  to  assimilate  and 
process  nutrients  contained  in  raw  or  par- 
treated  sewage.  Whigham  and 
(1978)  confirmed  that  these 
could  take  up  nutrients,  at  least 


tially 

Simpson 

marshes 

on  a  seasonal  basis  (see  discussion  in 


89 


Section  3.3).  Simpson  et  al .  (1981)  fur- 
ther demonstrated  a  capacity  to  remove 
metals  from  river  water  flowing  across  the 
marsh. 

Recently,  however,  Whigham  et  al . 
(1980)  directly  tested  the  ability  of 
tidal  freshwater  marshes  to  accumulate 
nutrients  from  secondary  treated  sewage. 
They  concluded  that  the  marsh  can  assimi- 
late nutrients  from  sewage  during  the 
spring  and  summer  growing  season,  but  that 
there  is  a  tendency  to  release  nutrients 
in  the  fall  and  winter.  Evidently,  the 
lack  of  a  permanent  litter  layer  or 
extensive  peat  deposits,  along  with  cer- 
tain other  sediment  chemistry  characteris- 
tics (e.g.,  pH),  limits  the  capacity  of 
this  type  of  marsh  to  process  and  assimi- 
late large  quantities  of  partially  treated 
sewage. 

In  summary,  it  appears  that  tidal 
freshwater  marshes  may  be  useful  in 
improving  the  water  quality  of  hyoereutro- 
phic  rivers  such  as  the  James,  Potomac, 
and  Delaware,  at  least  on  a  seasonal 
basis.  On  the  other  hand,  their  use  as 
direct  receivers  of  treated  sewage  seems 
unfeasible. 


9.5  BEST  MANAGEMENT  PRACTICES 

Clearly,  tidal  freshwater  marshes 
have  great  value  to  man.  The  wisest 
management  plan  appears  to  be  protection 
and   preservation.   Controlled  hunting, 


trapping,  and  fishing  are  compatible  with 
this  plan.  Dumping  of  pollutants  and 
sewage  is  destructive.  Diking  or  impound- 
ing these  marshes  is  not  advisable.  Part 
of  their  unique  character  and  their  high 
productivity  can  be  traced  to  the  daily 
tidal  pulse  (Odum  et  al.  1983).  Most 
evidence  suggests  that  insects  (mosquitoes 
and  biting  flies)  are  a  minimal  problem  in 
tidal  freshwater  that  is  flooded  daily 
(Daiber  et  al .  1976);  therefore,  mosquito 
ditching  or  diking  is  not  necessary  or 
cost  effective. 

While  preservation  of  tidal  fresh- 
water marshes  is  desirable,  construction 
or  building  of  new  marshes  with  expensive 
plant  propagation  programs  does  not  seem 
to  be  necessary.  Lunz  et  al .  (1978)  con- 
cluded that  the  vegetation  of  tidal  fresh- 
water marshes  can  become  established  very 
rapidly  on  new  sites  (e.g.,  spoil  disposal 
islands)  without  much  help  from  humans. 

Although  much  of  the  tidal  freshwater 
acreage  on  the  east  coast  does  not  lie  in 
preserved  tracts,  virtually  all  States 
protect  this  habitat  with  the  same  laws 
which  protect  other  tidal  wetlands.  In 
addition,  there  are  significant  areas  of 
tidal  freshwater  marsh  which  are  located 
in  Federal  and  State  refuges  and  wildlife 
management  areas.  Private  organizations 
have  also  played  a  role  in  preserving 
these  wetlands.  For  example,  the  Nature 
Conservancy  recently  acquired  Chapman's 
Pond,  the  largest  tract  of  tidal  fresh- 
water marsh  on  the  Connecticut  River 
(Nature  Conservancy  1982). 
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CHAPTER  10.   COMPARISON  OF 
TIDAL  FRESHWATER  MARSHES  AND  SALT  MARSHES 


10.1  A  GENERAL   COMPARISON 

In  Chapter  1  (Figure  1)  we  show  that 
estuaries  consist  of  a  gradient  of  condi- 
tions from  tidal  freshwater  at  the  head  of 
the  estuary  to  near  marine  conditions  at 
the  mouth.  Throughout  this  profile  we 
have  mentioned  apparent  differences 
between  tidal  freshwater  wetlands  and  the 
Spartina-dominated  salt  marshes  closer  to 
the  ocean.  To  facilitate  this  comparison, 
we  have  prepared  a  table  of  physical  and 
biological  characteristics  of  the  two 
types  of  ecosystems  (Table  24).  This 
table  is  based  upon  earlier  attempts  to 
contrast  the  two  wetland  types  (Odum  1973, 
Odum  et  al .  1978).  In  considering  these 
characteristics,  two  points  should  be 
remembered.  (1)  The  estuary  is  a  gradient 
from  freshwater  to  marine  conditions.  (2) 
Characteristics  at  any  given  location  may 
fluctuate  daily,  seasonally,  or  from  year 
to  year. 


10.2   PHYSICAL   COMPARISONS 

All  of  the  physical  characteristics 
presented  in  Table  24  are  also  discussed 
in  Chapter  1.  Essentially,  there  are  two 
significant  differences  in  the  two  types 
of  ecosystems.  First,  the  sediments  in 
tidal  freshwater  are  high  in  clay,  silt, 
and  organic  matter,  but  generally  low  in 
peat  (see  exceptions  in  Section  1.6)  and 
in  total  plant  root  biomass.  This  results 
directly  in  a  higher  susceptibility  to 
erosion,  low  profile  stream  banks,  and 
tidal  creeks  with  low  sinuosity  (Garofalo 
1980)  compared  to  higher  salinity  estu- 
arine  marshes  which  generally  have 
greater  percentages  of  sand,  peat,  and 
plant  root  material.  These  differences  in 
substrate  can  be  traced  to  sediment 
sources  and  the  types  of  plants  growing  in 
the    two    environments.       Tidal     freshwater 


sediments  are  derived  primarily  from  up- 
stream river  sources  (clays,  silt,  fine 
organic  matter);  in  addition,  much  of  the 
organic  content  probably  comes  from 
autochthonous  plant  production.  The 
plants  in  tidal  freshwater  marshes  gener- 
ally have  a  relatively  low  root/shoot 
ratio  (see  Section  3.1)  leading  to  less 
root  and  peat  material  in  the  sediments. 
Salt  marsh  sediments  are  derived  from  a 
variety  of  sources  including  some  sand 
from  downstream  (marine)  sources.  In 
addition,  the  salt  marsh  plants  tend  to 
have  a  higher  root/shoot  ratio. 

The  second  great  difference  in  the 
physical  characteristics  of  the  two  envi- 
ronments concerns  water  chemistry.  Salt 
marshes  are  flooded  by  water  containing 
significant  quantities  of  seawater;  water 
flooding  tidal  freshwater  marshes  is 
largely  river  water.  As  a  result  salt 
marsh  water  is  not  only  saltier  but  dif- 
fers considerably  in  its  elemental  makeup. 
For  example,  seawater  has  approximately 
three  orders  of  magnitude  more  dissolved 
sulfur  than  freshwater.  For  this  reason, 
the  process  of  sulfur  reduction  is  impor- 
tant in  salt  marshes  under  marine  condi- 
tions but  probably  is  of  less  significance 
in  freshwaters.  See  Morris  et  al .  (1978) 
for  a  discussion  of  the  chemical  dif- 
ferences in  marine  and  freshwater  and  the 
zone  of  transition  between  the  two. 


10.3   BIOLOGICAL   COMPARISONS 

Characteristics  of  the  vascular  plant 
community  are  discussed  at  length  in 
Chapter  2.  The  significant  differences  in 
diversity,  zonation,  seasonal  succession, 
and  root/shoot  ratios  are  summarized  in 
Table  24.  Benthic  algal  production 
appears  to  be  relatively  low  in  tidal 
freshwater  wetlands  (less  than  1%  of  total 
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Table  24.  Hypothetical  comparisons  of  ecosystem  characteristics  between  tidal  fresh- 
water marshes  and  higher  salinity,  Spjrtjna- dominated  salt  marshes  (based  on  Odum  1978, 
Odum  et  al .  1978). 


Characteristics 


Tidal  freshwater  marsh 


Salt  marsh 


Physical 
Location 

Salinity 

Hydrology 
Sediments 


Sediment  redox 
potential 


Sediment  erodability 

Streambank  morphology 

Stream  channel 
morphology 

Dissolved  oxygen 
(water  column) 

Dissolved  sulfur 

Biological 

Macrophytes 

Macrophyte  diversity 
Macrophyte  zonation 


Seasonal  sequence  of 
dominant  macrophytes 

Macrophyte  root/shoot 


Head  of  estuary  (above 
ol igohal ine  zone) 

Average  below  0.5  ppt 


Riverine  influence  and 
tidal  influence 

Silt-clay,  high  organic 
content,  low  root  and 
peat  content 

Moderate-strongly  reducing 
(redox  pairs  unkown) 


High  erodability 
(particularly  in  the  low 
ma  rs  h ) 

Low  gradient,  1  ittle 
undercutting 

Low  senuosity 


Very  low  (summer) 


Trace  (1  ppm) 


Freshwater  species 


High  species  diversity 

Present,  but  not  always 
distinct 

Pronounced 


Low  (generally  below  2.0) 
(continued) 
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Mid  and  lower  estuary 


Average  above  8.0  pDt 
and  below  35  ppt 
(approx.) 

Largely  tidal  influence 


More  sand,  lower 
organic  content,  higher 
peat  and  root  content 

Strongly  reducing, 
(due  to  sulfur  reduc- 
tion) 

Generally  lower 
erodabil ity 


Steeper  gradient, 
more  undercutting 

Moderate  to  high 
sinuosity 

Low  (summer) 


Very      high   (2500  ppm) 

Marine   and   estuarine 
species 

Low   species  diversity 

Pronounced 

Absent  or  minor 


High   (generally  above 
5.0) 


Table  24.  Continued, 


Characteristics 


Tidal  freshwater  marsh 


Salt  marsh 


iiological 

Above-ground  annual 
primary  production 

Benthic  algal 
production 


Phytoplankton 

Decomposition   rate  of 
intertidal    vascular 


Anaerobic 
decomposition 


Nutrient  cycles 


Sewage  assimilative 
capaci  ty 

Primary  consumers 


Direct  grazing 
Detritus  quality 


Invertebrates 
(other  than  insects) 


Insects 


Fishes 


Comparable  (?) 


Very  low  (less  than  1%   of 
Net  community  primary 
production) 


Comparable  (?) 

Low  marsh  plants  = 
extremely  rapid,  high 
marsh  plants  =  moderate 
to  slow 

Methanogenesis  and 
fermentation  probably 
predominate 

Pronounced  spring  uptake 
of  NO,  NO,  PO  large 
autumn  release  of  reduced 
compounds 


Low 


Larval  and  adult  insects, 
ol igochaetes,  amphipods 


Variable  (5-15%),  higher 
on  Hibiscus 

High  (low  C/N  ratio  low 
crude  fiber) 


Low  species  diversity, 
freshwater  soecies 


Both  aquatic  larval  insects 
and  terrestrial  species 

Freshwater  and  oligohaline 
species,  and  larvae, 
juveniles,  and  spawning 
adults  of  anadromous  species 
(continued) 


Moderate   (may   be 
High   as  30%  of 
community  primary 
production) 


as 
net 


Moderate   to  slow  for 
all  plants 


Sulfur  reduction 
predominates 


More   even   processing 
and  release  (conversion 
from  oxidized  to 
reduced  forms  throughout 
the  year) 

Moderate 


Adult   insects,   crus- 
taceans, polychaetes, 
mol 1 usks 


Low  (5%) 


Low  to  moderate  (higher 
C/N  ratio,  high  crude 
fiber) 

Moderate  species 
diversity,  estuarine 
and  marine  species 

Mostly  adult  terres- 
trial species 

Marine  and  estuarine 
soecies 
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Table  24.  Concluded 


Characteristics 


Tidal  freshwater  marsh 


Salt  marsh 


Biological 

Reptiles  and 
amphibians 

Waterfowl 


Furbearers 


High  species  diversity 


High  species  diversity, 
high  but  spotty  densities 


High  species  diversity, 
moderate  densities 


Low   species  diversity 


Low  to  moderate  species 
diversity,  moderate 
densities 

Low  to  moderate  species 
diversity,  moderate 
densities 


net  community  primary  production  according 
to  Whigham  and  Simpson  1976).  The  data  of 
Gallagher  and  Daiber  (1974),  on  the  other 
hand,  show  that  benthic  algal  production 
can  contribute  as  much  as  30%  of  the  net 
community  primary  production  in  some  salt 
marshes.  The  lower  contribution  from 
tidal  freshwater  may  reflect  the  extensive 
shading  from  broad-leaved  tidal  freshwater 
plants.  Phytoplankton  production  may  be 
similar  in  the  tidal  creeks  of  the  two 
ecosystems.  Good  comparative  data  are 
generally  lacking,  but  Axelrad  et  al . 
(1976)  found  similar  rates  of  primary  pro- 
duction (5  to  15  mg  C/m3/hr  in  the  two 
environments.  Conversely,  in  the  North 
River,  Massachusetts,  higher  chlorophyll 
concentrations  were  found  in  tidal  fresh- 
water and  oligohaline  locations  than  down- 
stream in  the  estuary  proper  (J.  Hobbie 
and  3.  Peterson,  Ecosystems  Center,  Woods 
Hole,  Massachusetts;  pers.  comm.). 


In  Chapter  3  we  discussed  differences 
in  decompsoition,  decomposition  rates, 
detritus,  nutrient  cycling,  and  consumers. 
Invertebrates  are  discussed  in  Chapter  4, 
fishes  in  Chapter  5,  waterfowl  in  Chapter 
6,  amphibians  and  reptiles  in  Chapter  7, 
and  furbearers  in  Chapter  8.  Sewage 
assimilative  capacity  and  fisheries  are 
covered  in  Chapter  9.  The  significant 
differences  in  these  aspects  of  the  two 
wetland  types  are  summarized  in  Table  24. 


In  addition  to  the  differences  dis- 
cussed in  Chapters  3  through  8  and  those 
noted  in  Table  24,  several  additional 
points  should  be  made.  Unlike  the  vascu- 
lar plant  community,  most  components  of 
the  tidal  freshwater  marsh  animal  commu- 
nity are  much  less  diverse  than  in  salt 
marshes.  For  example,  Diaz  et  al .  (1978) 
found  that  the  benthic  macrofauna  in  the 
tidal  freshwater  portion  of  the  James 
River  was  less  diverse  than  further  down- 
stream in  the  high  salinity  zone.  In  the 
same  river,  Ellison  and  Nichols  (1976) 
reported  a  lower  diversity  of  benthic 
microfauna  in  tidal  freshwater.  Similar- 
ly, the  fish  community  in  the  Janes  River 
had  its  lowest  diversity  in  the  tidal 
freshwater  section  (Dias  et  al .  1978).  In 
the  case  of  macrofauna  and  fishes,  the 
number  of  species  increased  downstream 
toward  the  estuary  mouth  and  upstream  in 
nontidal  freshwater.  We  suspect  that  the 
same  pattern  also  holds  for  zooplankton 
(personal  observation). 


Not  all  animal  species,  however, 
appear  to  follow  this  pattern  of  reduced 
species  diversity  in  tidal  freshwater. 
Mammals,  waterfowl,  and  insects  are  prob- 
ably more  diverse  in  tidal  freshwater 
marshes  than  in  salt  marshes,  presumably 
because  of  the  higher  diversity  and  food 
value  found  in  freshwater  plant  species. 
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10.4  COMPARISON  WITH 
MARSHES 


NONTIDAL  FRESHWATER 


Few  researchers  have  directly  com- 
pared tidal  and  nontidal  freshwater  marsh 
ecosystems  which  lie  in  close  proximity. 
There  are  intriguing  questions  associated 
with  such  a  comparison  since  in  one  case 
tidal  energy  is  present  and  in  the  other 
it  is  absent.  One  could  hypothesize  that 
the  presence  of  tidal  energy  might  encour- 
age higher  primary  production  in  tidal 
freshwater  marshes  than  in  nontidal  fresh- 


water marshes  (Odum  1971).  Odum  et  al. 
(1983)  compared  the  annual  net  production 
of  giant  cutgrass,  Zizaniopsis  mil iacea, 
in  the  two  environments  separated  by  a 
dike  and  found  33%  greater  production  in 
tidal  freshwater.  As  with  all  compari- 
sons, variability  in  factors  other  than 
tidal  amplitude  (e.g.,  substrate  type, 
nutrient  supply)  creates  difficulties.  It 
seems,  however,  that  carefully  controlled 
comparisons  of  tidal  freshwater  and  non- 
tidal freshwater  may  reveal  a  great  deal 
about  the  ecological  importance  of  tidal 
energy. 
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APPENDIX  A 
Plants  of  the  Tidal  Freshwater  Marsh 

Family  and  species  list  of  characteristic  plants  occurring  in  tidal 
freshwater  marshes  of  the  Atlantic  coastal  region.  Scientific 
nomenclature  conforms  with  the  National  List  of  Scientific  Plant  Names 


(Soil  Conservation  Service  1982). 
Manual  of  Botany  (Fernald  1971). 


Common  names  conform  with  Gray's 


Osmundaceae 

Qsmunda  regal ;s 

Poly pod iaceae 

Onoclea  sensibilis 
Thelypterjs  thelypterojdes 

Salviniaceae 

Azolla  carol iniana 

Pinaceae 

Taxodium  distichum 

Typhaceae 

Tvpha  latifolia 
Typha  aneustifolia 
Tvpha  elauca 
Typha  domingensis 

Sparganiaceae 

Sparganium  eurvcarpum 
Sparganium  americanum 

Potomogetonaceae 

Potamogeton  spp. 
Zannichnellia  palustris 

Najadaceae 

Najas  spp, 

Alismataceae 

Al i sma  subcordatum 
Sagittaria  subulata 
Saeittaria  falcata 
Sagittaria  latifolia 

Hydrocharitaceae 
El ode a  spp. 
El odea  nuttallii 
Vallisneria  americana 
Limnobjum  spongia 

Gramineae 

Phragmites  austral  is 
Elvmus  vireinicus 


Royal  Fern 


Sensitive  Fern 
Marsh  Fern 


Water  Fern 


Bald  Cypress 


Common  Cattail 
Narrow-leaved  Cattail 
Blue  Cattail 
Southern  Cattail 


Great  Bur reed 
Branching  Burreed 


Pondweeds 
Horned  Pondweed 


Naiads 


Mud-plantain 
Dwarf  Arrowhead 
Bui tongue 
Duck-potato 


Waterweeds 
Nuttall  Waterweed 
Tapegrass 
Frogbit 


Common  Reed 
Wild  Rye  Grass 
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Gramineae  continued: 

Calamaerostis  canadensis 
Cj.nna  arundinacea 
Spartina  cynosuroides 
Spartina  alterniflora 
Spartina  pectinata 
Phalaris  arundinacea 
Leer si a  vireinica 
Leersia  orvzoides 
Zizaniopsis  mil iacea 
Zizania  aquatica 
Panicum  vireatum 
Echinochloa  crusgalli 
Echinochloa  walteri 
Arundo  donax 


Reed-Bentgrass 
Wood-Reedgrass 
Big  Cordgrass 
Smooth  Cordgrass 
Freshwater  Cordgrass 
Reed-Canary grass 
Whitegrass 
Rice  Cutgrass 
Giant  Cutgrass 
Wild  Rice 
Switchgrass 
Barnyard  Grass 
Walter's  Millet 
Giant  Reed 


Cyperaceae 

Cyperus  spp. 
Cyperus  strigosus 
Cyperus  esculentus 
Eleocharis  obtusa 
Eleocharis  palustris 
Eleocharis  quadraneulata 
Dichromena  colorata 
Fimbristvlis  autumnal  is 
Scirpus  americanus 
Scirpus  robustus 
Scirpus  smithii 
Scirpus  validus 
Scirpus  cyperinus 
Scirpus  fluyjtatilis 
Rhvnchospora  macrostachva 
CI  ad i urn  iamai cense 
Carex  spp, 
Carex  lurida 
Carex  crinita 
Carex  yujpinoidea 
Carex  stricta 
Carex  ajata, 
Carex  squarrosa 


Umbrella- sedges 

Strawcolor  Umbrella-sedge 

Yellow  Nutgrass 

Blunt  Spike-rush 

Creeping  Spike-rush 

Squarestem  Spike-rush 

Star  Rush 

Autumn  Sedge 

Common  Threesquare 

Stout  Bulrush 

Smith's  Bulrush 

Soft-stem  Bulrush 

Wool grass 

River  Bulrush 

Horned  Rush 

Saw-grass 

Sedges 

Sallow  Sedge 

Fringed  Sedge 

Foxtail  Sedge 

Erect  Sedge 

Broadwing  Sedge 

Spreading  Sedge 


Araceae 

Peltandra  vireinica 
Orontium  aquaticun 
Acorus  calamus 

Lemnaceae 

Lemna  spp. 


Commelinaceae 

Commelina  vireinica 
Murdannia  keisak 


Arrow- Arum 
Goldenclub 
Sweetflag 


Duckweeds 


Day flower 

Asian  Spiderwort 
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Pontederiaceae 

Pontederia  cor data 
Zosterella  dubia 

Juncaceae 

J uncus  spp. 
Juncus  acuminatus 
Juncus  bufonius 
Juncus  el fusus 

Iridaceae 

Iris  versicolor 
Iris  vireinica 
Iris  pseudoaorus 

Saururaceae 

Saururys  cernw§ 

Salicaceae 

Salix  spp. 

Saiix  caroliniana 

Myricaceae 

Myricg  cerifera 

Betulaceae 

Carpinus  caroliniana 
Alnus  serrulata 

Urticaceae 

£ile_a_  punila 
Boehmeria  cylindrica 

Polygonaceae 

fiimfiA  verticjllatug 


Polygonum 
Polygonum 
Polygonum 

Polygonum 
Polygonum 
Polygonum 
Polygonum 
Polygonum 
Polygonum 
Polygonum 


virginianum 


pensylvaniQum 

amphibium 

hydropiper 

persicaria 

punctatum 

hvcropiperoides 

sagittatum 

arifolium 


Pickerel weed 
Waterstargrass 


Rushes 

Sharpfruit  Rush 
Toad  Rush 
Soft  Rush 


Blue  Flag 
Southern  Blue  Flag 
Yellow  Iris 


Lizard's  Tail 


Willows 
Swamp  Willow 


Wax-Myrtle 


American  Hornbeam 
Tag  Alder 


Clearweed 
False  Nettle 


Water  Dock 

Jumpseed 

Southern  Smartweed 

Pinkweed 

Swamp  Smartweed 

Common  Smartweed 

Lady • s  Thumb 

Water  Smartweed 

Mild  Water-pepper 

Sagittate  Tearthumb 

Halberd-leaved  Tearthumb 


Amaranthaceae 

Amaranthus  cannabinug 
Alternanthera  Dhiloxeroides 


Water-Hemp 
Alligatorweed 


116 


Ceratophyllaceae 

Ceratophvllum  demersum. 

Nymphaeaceae 

Nuohar  luteum  macrophyllum. 
Nuphgr  luteun  ygrieggtun 
Nymphaea  oqorgtg 
Brasenia  schreberi 

Harunculaceae 

Clematis  crispa 

Kosaceae 

Rosa   palustris 
Rosa  rouiu flora 

Leguminosae 

Gleditisa  aauatica 
Cgssia  fgsciculata 
Amorpha   Iruticosa 
Apios  americana 

strophostvies  umbel  lata 
Aeschvnomene  virginica 

Aceraceae 

Acer  tkbxJJE 


Hornwort 


Spatterdock 
Bullhead  Lily 
White  Water  Lily 
Water-Shield 


Blue  Jasmine 


Swamp  Rose 
Multi flora  Rose 


Water  Locust 
Partridge  Pea 
Indigo-Bush 
Groundnut 
Pink  Wilo  Bean 
Sensitive-joint  Vetch 


Red  Maple 


Balsaminaceae 


capensis 


Jewel weed 


Malvaceae 

Kosteletzkva  virginica 
Hibiscus  moscheutos  palustris 
Hibiscus  moscheutos 
Hibiscus  l££xls  (militaris) 


Seashore-Mallow 
Swamp  Rose 
Mallow  Rose 
Halberd-leaved  Rose 


Guttiferae 

Hypericum  mutilum 

Elatinaceae 

Elatine  americana 

Lythraceae 

DecoQon  verticillatus 

Lvthrum  linear.fi 

Lvthrum  sallCSrig 

Cornaceae 

Nvssa  aauatica 
Nyssa  svlvatica 


St.     John's  Wort 


Waterwort 


Swamp  Loosetsrife 
Linear  Loosestrfe 
Spiked  Loosestrife 


Cotton  Gum 
Black  Gum 


117 


Onagraceae 

Jussiaea  re pens 
Ludwieia  palustris 

Halorrhagidaceae 

Myriophyllum  spp. 

Umbel 1  if erae 

Eryngium  aquaticum 
Cicuta  maculata 
Sium  suave 
Ptilimnium  capillaceum 


Creeping  Primrose-Willow 
Water- purslane 


Water-Milfoils 


Marsh  Eryngo 
Water  Hemlock 
Water  Parsnip 
Mock  Bishop's  Weed 


Clethraceae 

Clethxa  a],  n;  folia 


Sweet  Pepperbush 


Oleaceae 

Fraxinus  pennsvlvanica 

Asclepiadaceae 

Asclepias  incarnata 

Convolvulaceae 

Convolvulus  arvensis 
Calvstegja  sepium 
Cuscuta  com pacta 
Ipomoea  cocci ne a 

Labiataceae 

Lycopus  vireinicus 
Lycopus  europaeus 

Bignoniaceae 

Campsis  radicans 

Scrophulariaceae 

Gratiola  vireiniana 
Linderina  dubia 

Lentibulariaceae 

Utricularia  spp. 

Rubiaceae 

Galium  tinctorium 
Cephalanthus  occidental  is 


Red  Ash 


Swamp  Milkweed 


Field  Bindweed 
Hedge  Bindweed 
Swamp  Dodder 
Morning  Glory 


Water-Horehound 
European  Horehound 


Trumpet  Flower 


Hedge- hyssop 
False  Pimpernel 


Bladderworts 


Stiff  Bedstraw 
Buttonbush 


Caprifoliaceae 

Viburnum  re cog ni turn 
Viburnum  dentatum 


Arrowwood 
Southern  Arrowwood 


Campanulaceae 

Lobelia  cardinal  is 


Cardinal  Flower 
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Compositae 

Vernon i a  noveboracensis 

Eupatoriun  perfoliatum 

Eupatoriadelphus  fistulosus 

Mikania  scandens 

Aster  spp 

Aster  subulatus 

Baccharis  halimifolia 

Pluchea  purpurascens 

Iva  frutescens 

Ambrosia  trifida 

Bidens  spp. 

Bidens  laevis 

Bidens  connata 

Bidens  comosa 

Bidens  frondosa 

Bidens  coronata 

Cosmos  bipjnnatus 

Helenium  autumnal e 

Senecio  spp. 


Ironweed 

Boneset 

Joe-Pye-Weed 

Climbing  Hempweed 

Asters 

Annual  Marsh  Aster 

Groundsel  Tree 

Marsh  Fleabane 

Marsh  Elder 

Giant  Ragweed 

Burmarigolds 

Smooth  Burmarigold 

Swamp  Beggarticks 

Leafybract  Beggarticks 

Black  Beggarticks 

Tickseed  Sunflower 

Spanish  Needles 

Sneezeweed 

Ragworts 
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